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LIST OF TULUSTRATIONS,

Diving dress, frout view, with air-pips and Hfedine acisched. Now padiar, with lags
lseed wp. The extre tap, vsed for tak g air-vamples; i seen o the vight of the
froms of the helmet.

EITI

Fig, ZemDiiving deoss, back view, showing wischmont of sirephpe and Hfeline with telephone
venpeenion.  New pateorn., with Jogs laced g1 i prevent Jiver from being
wnd nesidenindly blown up 2o the surlaes, or Benyg in o belpless position.

ige SoPhotograph of diver whe hae sesended from iust nnder waser with the pump s ;
The dresy Is enllapsed and Closely applied o the body, ay is always the onse in the
npright posiiion nader waler

g, 4~Service diving pump, will siv-pipe eonceatud 40 a gas-metor fo fast the leakage of
® puomy pipe con gascter 1 st the loaksge
the pump st difforens pressures.  Phe slawp on she ap-pipe ix being sljvsted wo

a3 1o give the required prosenre ns shown by the Fuupge.

sl diving tnnk, showhig how
w0 the divers limba aadd bl youador water,

Fig, &.—Photograph tuken throngh 2 windew of the eXperime:
closely the divisg dvess i applind

Fig. G--Bhowing methed of aking a sample of aiv from the helmot of the diviug dress. The
experimenial tank fa seon in the backgroand,

Fig, 7 Botegiaph theongh the windows of Lhe exporimenial diving tank, Dhver wkivg a

smnpie of alr from the helmet

Fig, foPortalic gas auvalysls apparatus i in she sxperimems,  Vhe photograph alse shows
the metbod of sonseoting the sampiing fube with the gas-barette.  OUn shiv

ot weasel is uoi #ieudy, the twe 2 alips 200n on ibhe rabher tohe aop Y

the lower ead of the gus-boreite with the morenry reservoli are moved olose up to

the gas-burstie and vsed {n the manner deseribed in the toxt,

Fig. Bu~{as analysis apparatus,

Fie, 9.-~Bottle fitted wup for rapidiv taking samples of air in deep water, Az the divar
te surface the sxcess of sir in the hottle saiapes throwgh the slis geen in
tube attuehod so the glass tabing passing through the sork,

cro-pletograph of saetion of spinal cord of gout kiflet by saddon decompression,

A nnmber of piv-bubbles cam Lie seen jn the white macter, one bedng just ab the

junetion of white and proy watter,

WEE P
e rubhor

Fig, 10,

1

Fig. 11, —Portion of goai’s mesentery showing ales o blond vessels cansed Dy vapid
decomprassion from I{({hAbe, pressurs, afier g honrs exposure ab this prossare,

in 1 minais,

Fig, 12.—Nteel chambor for rovonmn essitiy divers who shew sympioms asused by sir-huhbles in
tne Hood or thsuer. The chamber Iv alse avallshle for ieaclring divers to WRAAYLS
fueir ears puder prss

e,
Fig, 13,Diver blown i surface in ordingry diving dr
and the air vennot 2

. Fhe diver sannel move his grmy,
&, 84 bis valve & bolow Lhe water,

Fig. Mo—Biving drasgses
up.  Tiwe other dres

cded with wie, The drese to the 128 has tho legs fneed
D the uaial padtern,

Giver who has privposely hlown hhuself wp i the new mattern of ibre w, with the legs
Iaeed up. s beads is upwaeds sud his arms free. Compare Figars 14,

Fig, HiThe atocl chamber at the Disier 1

of the chember, with the jarg

ttuie.  View frowm ontside, showing the DLack end
2 door and oune {uspaetion window,

B 1T —The steed shamber st the Tisker Insifinig,  Frons end, showing the manhols for
entering, the swmall awdoek fer passing Toud, &e. inte the chumber, an inspeation
windew, & prosswre gange, sud severs) valves, de.

2. 18 ~Bkeieh showing methed o meseuring werk done by diver,

Fig. 19.-Different forins of platons used iu FEEE TN

fige. 20, 71, and 22-—Carves showibg the rate of satursticn of & maw's body wuler different
cirennistancus,
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DEEP-WATER DIVING COMMITTEER

SUMMARY OF CONULUSIUNS AND RECOMMENDATIONS
OF THE DIVING COMMITTEE.

Semmsry or Marw (ovecosiows,

The Iebpwz?c’ g *Ez»tress w '}luh :nde:r tki n“qz i cnndmon; o? {Ezw 2
3';-" nre
-f} f:-xt%mr*
: be entirely

gns in %he alr uf %km:f:m
3 \m;pi“ of alr in diveed pro-
; st i absolufe press A table hes heen drawn up
showing the air sapply, rate of zmmpmw, _md mimber of men required for
ng, with the diver at different depths,
ent in use for proving the efficiency of diving
m> nnreliable, and me ANy prmps in actual use, i 3
st, are so leaky as to he s erq e { L fm ka 1 deer
p» can, however, he s
Tu ohhm A sulfie:

PHLDS

work freely

W oair s lp] }*' o en Lbfie, a diver o
» 30 fathoras, it Is necessary o couple
*m; ‘f‘ (*1@131 pumpa ok tier- ovamau h*rv;r» e,

4. Ir' ~t e shown that with good pamp pplving the amount
o B a <di can work ss comfortably af
How water, wpart from the hampering effocts

o
]
i

te e.{eihﬂ

Andd ‘-t;.(if:a
5. Dypeviments parried 011"
have shown that the wseri :
'Jﬁ" witrogen in the hlood and f'nsu{ ; :
an best be et by {1} Hmiting the *1?1(; ops‘m 1n \ief-zp waker ,md \

w05t of the di istance rapidly, and afterwards making the Tas part of the as
 siages, with stoppages luterposed.  In order 1o Hwis the tims Spent
deep wsler, the descent, and most of the ascent, should he rapid,  Thizs new
iethod, which saves mach Hine, besides being e safer, has been practically
Fested at sea up to 35 fathoms, the greatest depfil bitherto definitely recorded
a8 having heen reached by divers, and a a’iﬁ@ hag bmﬂx dhmn wp “’mm
thme h‘mnq on the botiom, and the corees : menderd
ding. for different depihs ap ‘f{a 35 4,

6. The risk oi * hlowing up 1y diminished by laving up
the degs of the diving dzew\ and by abo ishing the use of the ” orinoline,”
which s a harmful ex >

7. In cases of a
{rom :vir l‘ru‘nbies

siar Ingtinmte
*)Sﬂ ?ﬂlh u(—f%

.i.._L FLEE

wing up,” o oo rapid ascent, the danger
%i;r— ?mhd can bv ‘*mdm by %Ldmw : diver down
; .

.'i: or by placing
wl ralsing the aip

1

pi‘%nn?i}. &,

HBGONMENDATIONS,

L. That it be made o youtine prac
of air which the Committes’s ipvest
different depths | and shat u prined
the number of oylinders requived at 4
diving pump, .

.*l That aresugements be wade for regular and tho ongh festing of Ly
diving prunps he?mwma » eavly ship, together with the an yipes,
g}s:gm and d helmet valves, and for fhe making ;zuud o any serious i

» that all new pumps and other diving spparatis be thovoughle fosted on
dehm .

3. That eIl new divieg dres
lacing oy the legs, s deseribed in the Heport, and that fhe
Cthe “erinoline 7 e abandoned.

4. That o metal Trie pr&cw
trom three vamp :

tce to supply divers with the amounis
tions have shown to he roquived

showing the rate of ;m yipin
aront Cit;_gnl‘m b supphied

25 be provided with an arrangs

connecting together
Tl

for
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- Plod g pricted table fcomblued with that referced 10 in Reconunenda-
'i':{m 1; ,};-’}wmg the precantions recommended by the Conunittee as rogards
inits of Ume 1 deep water at different depths, and stoppagss dusing the
' Dl i {iving pamp.
% new :z:e‘iit-i{.:ﬁ oi" ‘iih{:\ }'.‘Six'ng Meanual be prepared, coulaining,
i i wloins 'i"i';%i;‘:‘;‘:w a elear necomnt of the
seribing in drlta;i the methods of
oot Lhe rem?"% of the Uon whem%
alse et corresponding practics) Ingtructions he C\
e diving cowrses for officers and wen, _
7. That pa view of simplifying fotare ravestigation i
:  canse t? by divieg may e folly reported,
; om, and raie of deseent
1L 'f“‘;*%*""wlv'{ fo the Sdmimaily i’nr i 3(‘%1(’ i
1 the I)Aa.‘.?.ﬂ.mii w‘p‘uli (1) “I“ -ﬂx?iia.k of L}lt‘

_ﬂhw 1R wﬂ? 13}1;73{
earrying s pmdm?

s Erown, angd *h«\ re
remeral and smbodied

That investigation on the wmeans of avoiding the diffieulues and dangers
mer with in diving be continuad,
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MA T

T, HAMILTON, !
Cornmodora, B

R, B, BALON,

Captain, HLALS, * Dreaduought.”
JooBHALDANE, MDD, PRs.

EDGAR LEES,
Capiain.

Oswars Remg, M1,

vatary,
Staff-Burgeen,

Norg—July 1806, The Hepors was writlen and avsnafted to the
Adndratty at the end of 1906, i publication waw, however, L‘it i:w ed
pending the completion of a farther H(’(“hm‘ %ez:'l-e-?:s {':i 2 \"O‘m:u*ts &t fh?
Ligter Institute. 180 <-‘\§‘E,"Ifme...1w which T e by

ant (. i.. ih‘ammu };'LE‘.Q’,, .1. ave

L 2

PR
. andd oihes
The 1tz
Commities w pre
SAUTIONS le‘quire& durd

Tinyeott and Lisa
the precautions r
CUIRPTEss
sumarised in A'__ HELL " 1«1,\6 exnb}f‘u
Supplement (p, 57 ng .‘v detail the pre
ascent of divers £ b, and ster different }\cri{mq spent on the
'I)cztt-om. o ; ui rhem %por*mu;za fheral contibniions

ere Mde i ams John Aird and Sous,
i‘u.eswm & s, Price and Reeves - und by
My, Basil i

A vevised o Rk
aceordanee with I 3 s Hecoramondation,

We dhunk thas ui(}umnaj crinents on 56y versl points are much needed,
bt do nob wish o delay further the issue of the pres ent Re pott.

wesnwhile been prepared 1n




BREPORTY
T U:i}_,
LOROE COMMIBRION £ N OF PHE A ?,‘?3:‘?412.3.'1_1’.{‘}."
ON
DEEP-WATER DIVING

Puesexrer 8y s Drranmaentin J0UMPITEE aPFODITED 70 1NVESTIQATE
THIN ANYD OTHER %X.YBJHGT&

INTRODUCTION.

o sccovdance with our insiractions o investigete the sabject of Desp
Dhiving in the Royal Navy. we bave the honour to preseat io your Lordships
the followiag Heport v

There are two special difficuliies assoclated with de ep diving muder
eisting conditiops.  The fzr::,i, is that bresthing iy found o hecots VELY
Ieboured ab dopths f‘_\_{‘?i‘fhnq about 10 fathoms, the movements of the diver
and his power of doing work becoming thus more and reore linited, although
men of exeeptional skill and endurance have suceseded in working for who*
perviods ol asanueh as even 30 fathoms,  The second is that ahu'*lx alter the
diver’s refurn from deep waler fn the surface he moy fiovleop VErY Se10ns
srapions, resulling  somellnies 5 death, move ’rvqaeath in paralysis,
parien ,eﬁalx 0; f}w i%b md hhd %x; dwe s p&i‘%} )

: s, and other subsidiary
polnds, a mi,Q’S ;mmh{—} of 9\;}4“ mien*q fve been carrisd ows anider the
direction of the Committee.  These were begun ot Whale Island, Porismmouth,
fr nn experimentsl diving tank, presented some voars sgo by \&mmﬁ Siebe,
trormag, & Co., the first series heit ng carried ont by Dr. Haldene and
My A Y. ( ‘atfo, gummer, then chisf iustrector in zhx’m;ﬁ at Whale Tsland.
Praring the suhumn and winter many farther experimoenial dives were made
2b Spithead in depths up 10 18 fathoms by Mr. Catto and sevoral petty officers
sud men passing through eourses of diving ingtruction s and n‘zms‘rgms
sinples of the air bresthed by the f?n“em were obisined, and analysed by
Stali-Surgeon Rees, who had meanwhile been dl)’{?(ﬁﬂii‘& bes,mmly 0 the
Uomuitiee, and who superintended the work. The leakage of the purps,
distribution of air in the helmet, and other gquestions, wers also 1rawbzagawd
2t the Physiclogieal Laboratory, Oxford, and i, Lﬁeq tosted 8 number of
uwsn‘g punps n owse oo vessels at Portsmonth.  Tu April 1806 Dientenant
Damant was appointed fov experimental work o comnection with the Com-
mittee. Many furthey experiments were carried oub of Spithesd snd in the
cxperimental }mez tank by himo and My, Catie,

In view of the Rmpi)z‘mm‘& of investigating the means of avoiding the
ui»ﬂ&&l"“ of decompression, sivangements were wade with the Divector and
Body of the Lister lostitate, Loudon, by which, deriag June and
tenant Damant was enabled to Lu»t)pi}l&[a‘ with Tir. Al EA Boyeott,
ter Tnstibate, Fellow of Brasesose Uollege, Oxford, in carrying oui

o series of experiments on animals fnd men in a large steel

an gxieny
haabey Wh!s,h had fust been presented o the Institwte by Dr. ieu{iw;g
‘;fmm FRS, and which proved of the ubmost servics. The expenses of

these '3.&;&3‘:‘ ments wers met by the Lister Institole, Tleutenant Davaant aud
Mr, Catio ai 6 subjected thereselves in this chamber to pressures w hich wazre
gr‘af%*mu} inereased wp to 3¢ fathoms of waler, the nusimum depth i}zen
contewsplated by the Committes.
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As suticiontdy deep water wor oot avallable nesr Spithead, exeept where
35 !12_\ ‘: fo&« £ause m'wh {E iw moiving, srrangements were made to cons
ay ’%ogh Streven, Argyllshire, from
2 by Lisatenwat V. imgmf:fv
: zizmzsf* against {Ea.r.;g,ei' ira 34%0{3}:2 ssion had been carsfoll v thoughy
'f.;}.‘—*ilcz,?}“ bz‘xi: as & Tovther sofeguard wmeans were alse provided ou
: cotiment of any symptoms. The diving was again vader-
- - Damant pod Mre, Untio, at depths which were :g'*“atiuai}x'
3 up e A5 fathoms, without oppression or illellects of auv kind, and
with full power of moving freely on the bottom and .}(,zng; work, Bo far ss
we are aware this is the sb depth ever defintiely recorded as having
been reached by divers, and conside aably exceeds that af which work has
hitherto been deemed to be ordinar iy praciicable.
Av a consecntive ascovnt of all these experiments would be lengthy
onfuging ¥ owill be move convenient to frace one by one the mints
ed and eonclusions arvived al,  And sinee it was the reapir tory
deep water, nnd consequent dithenlty v working, which o
ied to the Ingqury, w iy i e first.

v

Part 1.

TeEr Carsgs oF axp Beysnes von Lancoren Baparmrvn m Dhviso

Mo understand this mhg&,v 1% is a.wrrt'ie‘ai to :}C?Z'i" i’l min{’i *'I_
nioof the diving appa m' ;
Navy s that supy phied Ly Mess imrma.u & fo, msi i5
desevibed in the Service '%Lm i rrs,” dssued du 1804, The oss
5 ol the dress consist dYa stout copper heimet provided w
dows, (2} a bre st~;zmi-h on which the helmet Is serewed and seen
andd (8} o Hexible water-proot dress, which cun be connected water-tight w
the breast-plate, and covers the whole bodsy -:*\ewpt tie hands, which pro
thyongh close-fitting clastic cufls (Figures 1, 2, and 2. The nir i% suppli
’*T“.\hgh a flexible tubber pipe strengthened with ewbedded st
connected with the helmet throngh a nonwrstwm valve,  The valve for
of alr iz on f;i‘;c right side ol the helmet, about the ear-level (Figure 3
provided with a2 weak spring and a sorvew sxxi]lzatfm,i}t for veg
amouint of alrw bhe dress. Thers fs in addifion o tap near the front o
Lelmet as » suppk‘*mm?aw means of letting off an excess of air.  This tap
{familiarly called the “spiteock 7} i alse wsed by the diver for saking water
into his mouth for the puvpose of washing down the mcisture r*uzz&emﬁmo o
the mner surface of the glass window.  An exira tap, similarly placed, wa

ased in our experiments for oblaining alrsamples from the 1s,mw* in or dw

i <'i.l {‘ofl Sl

BT
]

HE ,.u“bfi{, the diver 10 sink, front and back w 1w of 40 lhe cach are
{uched to the corselet, and each boot is weighted with 16 Iha. of losd oa

Arris forced down fo the diver by means a pump with bwo donble.
'm‘u ng evhinders (F‘zg:;:e 4), the arvangemont 3’&’1133\3 soh that the alr from

wr one ovhinder alone or both vimde;x together, can be supplied,
10 ihe depth of the diver, o pair of divers, served by the pump.
wl dismeter of ecach cvlinder iz 4 e hes, and the stroke 7. 1 nches,
z0 that, with no leakage ov othey losg, each eviinder bEIO'ﬂh} deliver 0°1 cubic
foot of sir per revolution of the pump handies , the aly heing pweasured ab
wospheric pressare. the coylinders are surrounded by & water lackst, io
ke e}r them eoof,
When & diver goes nnder water, any aiv with which ki dvess s inflated
s driven out :Ei?{,uv“h the outlet valve by fhe pressure of the water, so that
the dress Decgnes (,Zs)s«m applied to his legs, bo wly, and arme ag} w0 the
corselet 3and BY. 1 the valve were pt sorowed wp so far that the
drees remamed mfated wader water he woudd not be able 10 got down,
The o unf»qs;enw of the collapse of the dress Is that the pressure on all parta
of the body Lelow the helmet 38 greater than in the helmet. I the v'.gs{%e is
freely open the excess.of pressure on any part of the body will be equal w
that of a column of water the height of the valve-outlet a‘imva‘ this part,

$--|

3
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Thas the external pressmee ou the chest at the nipple will be about 1 foot
of water, or 70 Ibs, per square foot, above the presswre In the helmel. As
the pressure in the hungs is that of ihe helmet, the diver will have to expand
hie lungs against this excess of pressure; snd when the experiment is tried
the oxertion mquzrfmi ig found to be very considerable;, and breathing i
areatly hampered.

iy N‘f“;.i‘ to expertence the afects of varving pressure
in merely nec o dum ‘thc aczhhﬁ Li ‘Lhﬁ val

iL

Yong, mm a2 r‘ii o o ?h» s.*mi aﬁw he‘ ! 0 thes 11(,:441{-\ By varving the
v oof this valve, which was et Tresly open, the e
1 e in the belmet wore z;d by the diver '?)z
valye was held a few inches above the helmet !
hest und ab &f)m@ri WiE 80 great :h::% breathing was ol i
OWING ‘Lf; ‘ihe very Hmited w of 1}19 mspivatory mascles.  The (}}.pi‘} pnend
i  unpiessant one, and probably not free from risk of ha ".-AJ?‘}I;&-Q&
bm;{& or air-passages, of temporaly stoppage of the hea
rhf, vatve atb the top of the ’*idn"o thle, but was
' i, With the valve @t IAr 1 opposite the ear),
.'<- was still laboured, the adverse pr specially folt duving
. or with s short alvsupply.  With
ik “-T‘m Jevul =)i. the wpper part of the bs
At this height of the vaive the Ez-f'i

off tho mwh%‘i{*w ang she marked
»

fects of varying
.::kllf?wam‘é if‘ the
g :’.if‘

H AR
AewRr 1R
e

ihe valve 2 or 3 inches lowes,
~pi&ie

entling was much
7 dwelghts are just
he ot ex;»eiz.!ﬂzre:* 1 probably due
o the fact that the diver Qo ;onﬂ‘f*z t inspive from what is
ally a sl airspace with rigid walls,  The smallness of this space
¥t ampossible for Eas;n 10 ;mplm freely, except during the sctual
in-blow from each stroke of the purn . With the valee »E;;ﬂ fower the helmes
ig i off the u}mﬂ ders, and 30 unch atr accumulates in the dress
bagios to lose his hold on the g -.a__;m},

,....

thiag
Einder ordinary conditions au experience
his valve fu such o a3 to ease lus | bing as far p:}%;h?@ w
ndangerning his »3Lufini1‘s v, and he e 3 ﬂv have to sdjust the pres
on the valve as he changes the vosition of lus bead. 1 with the valve
umémm})}v adjusted for the erect position, he stoups down for more thay a
rt time, air reowraulates in his dress, and he runs the risk of hetng Y hlown

., corried fo the mu.?acq;- dangerons accident i heis at @ considerable
111 order to stoop or orawl o the bottom be ronst wuscrew his valve,
voabr escaps freely.  TE bis head s nesrly as low s bis bedy, s
ke is lving or crawling on the bottorn, e can, however, braathe quite
comiorta ft} with the valve iwen opan, singe the excess of pressure on the
chest and abdomen is greatly diminished, s position is the roost sasy one

for a dives.

IR (3
thout
PREnTs

Tih

tHeeding from the nose, &o. is commonly ohserved with inexperienced
e.‘iiv' ,and 1 Bppars tly ¢ften due to the a}f'rvmw hotween the aiw}srmsure
and hioodepressure in the walls of the respiratory passages heing abnormally
{norensed owing to failure of the diver 10 keep his valve sufliciently closed,
parkicakirly duri ;aaa:, exertion.  Aninexperienced diver will, for instasco, often

aggle ix{) the shotted yope with his valve wide open, and has, consequently,
a heavy weight to Iift with his avms | whersas an experienced mun will screw
up big valve sufliciently to fake the weight off bis nrvas, and shp nyp the rope
with practically no exertion,

What 15 the canse of the oppression of breathing whish affects divers the
e msly the deeper they go, and which they wniversally aitribute to
the inbrease of pressure? The mere increased ol hsolute presaure can have
uothing 1 do with i, Men in caissons up to depths of 15 fathoms can work
quite ;m@b if ﬁ’w ventilation is adeguate, and, in fact, are generally belioved
y than at normal amzmp}mn«e pressure.  No oppression of
b;ca‘ii*mg was experienced in the oxperimental steel chamber by men or
animals wp t0 30 fathams pressure, or could be observed through the windows
in animals up to nearly 40 fathoms pressure; and o care ful consideration
i ihe facts pointed, even ab the onisst of owr Investigntion, towsrds the
dusion that the cause I8 not incressed pressure oﬁ air ov water, but
E 4904, e

AT




which breathing iy rormally regulated hax Z‘%

) ch _ : gu guile
Incidated hy Haldane and .Et?rzefst,ie}n“’*" ‘The valume of air hreathed

naate by an average adult man s pogtion of perfect vest is abont
ivwe per minate fat 607 T, o 1«91101 v, 4 of a eubie foot. The
v ?_:»rs_:a?.h& Is ‘e.,;uidf Hows, At rr}r.}:*{l atmosphieric pressure
T g in such a way that ths
gant i the alveoli, or alrcolls L of
toot 0037 The exact percentage cnries
£ smhhdmzm, uh? 18 ;\i Tetic eonsiant 'i;l‘;a', SAIR 100 E.viriua,i
‘l‘s{’“‘, aven very sh fh by, the b
hens o it falls, the izrn ,}._. }
‘n I‘ia&"* tn novmal,  During
given off by the }.&ﬁ o 1% dnan
and e amount of air ¥
im d work i
: iﬂb?lf{‘\] s vitisted by
and in such proporion as

; .vd or m«apn 1 M\d
- modarate musealar work
od o three or four times
atbad 18 correspondingly
porease mey be twice as great as thus.
3, the volowe breathed i also Inoreased,
. thie, to keep the alveclay CO, percentage
nesrly normal  Thus, i the air mﬁ;med comtaing 8§ per vent. of (0, the
amonnt of alr breathed will be nearly doubled, since nearly donbie as _mz.;f:-h
his vitialed air needs to be i xl 3n (:*fi{,;r to kesp the alveolwr
{ {3 ;_‘m& entage vormal; and even moderate muscular work in such aby will
catse great respivafory disiress,

When the atiuospheric pressure is ¢
o hold, and it iz found that what Ter
ut the absoluts pressure exercized
o percentage multiplied by th
) \‘;)f‘rm t,l“f %.:V Hi.ﬂf} m_&i an

'!.E.\'ﬁ'lili ‘im, iaw as 3%} 8t \izsﬁ‘f*d ceases
it 38
Ed
£

£h

I 'au_‘e-_, anfa 5<)u g\i vent, ai
pressures eorresponding (& 13 &*mg
: ?m‘ aqtg,sl(‘u«- v&;_;um _m. aiv) were D64 per cend, and 56y
o atmasphere, of slnost exactly the same,  Slnce the w mh of
begar, this law has bLeew verified up fo o pressure of
{ urreprow?mv t 28 fathoms of sean-wster) by E}?a ﬁs?i A
: who worked o oan expwnneuzm steel  chamber
v o man in the recumbent position. The same law has aleo b{‘ i fo
Boventr and Haldane fnupublished experiments) to hold gond down
fworthivds of an fi*nmm,\hwr{* ter pressure, therefors, the
oler oiy confains as much as 50 - 2 b per cent, of OOy and at the
former pressure as Hitle as 552 2 per cont. CO,
To judge from these facts, iim effects on a diver of a given percentage of
(0, m the air of the hehnet will vary with the depthof the diver, and the

o

whels of owr experiments on diving have confirmed this infereace. For
; as afr oontaining 5 pex cent of OO produces great pm‘z ny at
)

sure, air m.':-mamiz}g s = 008 per cent. will produve an
oo ; _

H

6 oat 30 fathowms, the greatest depll
Catto,  As, mwcw? it was {imzrai} 5
sy peviantal evidence oo this poiut, the

renched by lLientenant Damant
o hava some direct guantitative
0 mwmfr saperinent was oarried ont

by wenant Damwant on himself and My, Catio in th A ohamber. The
8 L continued fo Dreathe into amd oot of a large glass bottle ue it marked
paniing was produced. "i hz», ?mt.tlo was mz nvfc\tm mth the graphic recording
ised by Ha $ o that the exact inorease in
the x-a.Em}:w.. f nir iarmzheai_ com.{.i be reasured near the beginning snd end of
thie e-\,xperimﬂxf wid a sample of the air taken fov analysis. The mean resulis

of several expériments were as folows 1

® Journal af .{’z’egsa: sey, Vol. 82, page 285, 1004,

T FURGerall anid Haldane, Journal of P}%ysscsfeqj, Vol 32, page. 45, 105
I Frocecdings of the Regal Sociery, Yol, T, page 455, 1905,

§ Loc. cit, pza-gt,_d}:i_._
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o A . 3R,
Poriod daving

whivk

Hhrlgent,

S o 5770 U6 xd
- 3 40 AT 599w
Catle - - i3 & | K a2 842 X0
. - - 2 49 57 i-od 647 ¥ B8

Lrwing to o the limited (‘;1;:.»‘; ?\ f:'F' ‘z}} £ ?;\‘;Etia,‘ mti cmia&t‘a{}’timlt shoriness
of each M;e ment, the resuits
uo doubt thar the effect of GOy on ‘?he b”&
| its pecceniags. _
seoliary of fundnmentel jmportance in diving follows Drom this law.

v the pressure o divcr s wnder, he vequires the same volume

éamm?s on 1ts; nressure, and

u‘a' ar. ab fhat pressurve. In obher words, his minbmam supply
af atr, me wurface at ovdinary aLmu%gﬂ;@r & presgure, must

nereass in dnm:‘b.-'p}‘t\-};)f}}f‘;}.i}ik to the absohue pressure he iv wnder. A

diver at 210 feet, or T4 atwospheres absoluse ‘p';' ssure, will thus need 74
thmes as much air, weasuved either hy weight, or by volume st ordinary

atmospherie pr SHYE, BB he would need at sur an

S Aver ::U:a‘us’pn{*r.g pressure al seadevel {760 millimeters, or newly
36 inches of merewry) is equivalent approxvimately o the pressnre of 34 foet
of fresh water, or ,)5 fect of sea-waser, henoe oilowing fable represent
mercased air sapply needed st various tla-};‘:i;\ of o ter, by
compared wish whai he wondd need at surface lovel 1

“thie aiv supply )

At 2 atmospheres, or 33 feet, or DL fathoms must be ¥ doubla
inerensed to

At 3 . B, i, L treble.

Ay 4 o 89, 18 - _ 4 times,

Av b . 2, 22, o 5

At 8 AL . B , 6,

Ae 7 32 N . 7

ES A SRE . & o,

At Y 44, Ny 1

Ar 10 4:%9-}5- " . HE

i ono ooy ?m

Iro *i’ g
but ol 50 & n praportion ta z}-z.f-.z- PrOSENIe.
From the ;}r&f £ c:,t-} kf-:md p{)mf {iliw s 6 most smportant consideration.

Nince a diver not ouly inspires from, but expires info the air in his ‘mhm;t
he 1 risbre Slessextent the OO, w ;.Jz be }am&s e

(;mi it 'izﬁ does & -
more deeply and +1s,qu=‘t*?,iv ;
U';’{‘?} he has also 1o breathe a
eady ¢ xp lalned, be will ne
e A%giimiu fon will
and this will ‘fiﬁ Iniihu inereas lu

uily

¢ Hinee,
wanier 4 DIesERre: *wm E?‘}e
3 11';%.1(3}1 moonvenienced, bui

4 by the e
::.i.?.&af.z'f:éss;, T}s.e I

WD ot

'm ;'; mi dT’bO'i“‘f’ih’i‘: atacke,

a.p_yg .3.{11-23-' :E}‘f,s't"-

o ovder io IRt B _ CYBRSArS
the wir of the heldmet, n’i the <1<§9<1a&f*3’ or otherwise of the alvsupply under
ordinary conditions i diving, # was. evidently vecessary to obtan samyples
¢f air hom the helmet for a,ga}}_ hage were oblwned through the

o2
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P

(“spiteock ) at the side of the helmet in front, at

"':-i;f-_'{}_ 3 glansg 'I;,fsll'ﬁn 6,7, %
ach e he sanplss frov deep) water
1 Liken i cw;’pw o darkness, cach recaivor was marked by the

'ﬁam shown in the fignre.  These could easily Le felt and cownted
hi P {hvar The knobs shows on the sated whether the latter were
apen or elosed.  The recetvers werg Ji before use, The method
2 the somples 1 shown v the being held above

]
slevel of the autlei valve, so that the i

o of spmples faken from very deep water ¢
when the diver was halfveray up, % thers
exploding o the taps belng blown ont,

ot samples had o be teken with sy lHtle del
Wor E« experiments, ordinavy bottles of aloul 78 e
sed, the open bottles being a;*r;yi ¢ iaverted GYER
pmv ided n il o perforated cork, ‘i‘z},a}u;,fi 7
tube, to which was stiached o plece of
topper (Figure U Betwoen the :
i(‘}"'!i.lix el slit in the rebber tubing. ’.?.k;'i% e.-;.\,z.ez. us 2 nonerelurn velve,
<;.L=3wn.1g ihe nxeess of air o eseaps as the diver ascended. When the diver
roached the suvface the glass stopper was pushad down 0 48 10 ks mo
i seoure,  dna few cases ordinary :
SHOppRTS ¥ i, the stopper being
aiim\m *he exeess of atr to blow ond m f}, At ?}a“ owi W
e per was snade dght by tueming 1 round apd pushing it well in.
the analyses an sastly portable apparatus (Figore 8) was a‘o{,udﬁ‘
tesigned by D Hatdane, who deseribed @i the fes;mm. of Hygiene, Vol &
ps;,,a,e 74, 1906, Tt gives yesults gecurate to within ‘01 p
Tnwr neded for each s dysis,  The method of ?mz“«f@{* g the wir ’Eroz.l the
wvors or bottles into the g"‘w?{}-\.i Figure §, and was
. ed hy Dr. Haldane in .f’?/f..f.e ,f 'e'ef-vﬂ;é-agd,‘é-z{;n of Wine
Grithin & Co., 1805, Tn wsing the gas-analysi :D{)&-l‘&t&&; on bowrd ship s
hz’”w nlty ar ase 0??13‘07 in wihng, and comseguent unsteadi of the n
ie* ol in the burette.  This dibonlty was OVeTonIne hy L‘,L'sfif‘;.)‘ 590 b skips
#lose 1o the gas-burette on the rabber tabe comnecting it with the mere oy
reservoir.  Before euch reading one of these was serewed up Hght, 5o 2s (o
steady the mercury ; and the lovel was we curstely sdjusted by tightening or
lovsening the other clip.

as during
.Ih W

&

¥

wr gent,, léf) ac, of mir

In inferproting the anal .e’;‘u‘«'*sarv, a8 .iirea-f'
in mind vot merely the p
the helmet, since thely ph

';'1;}&:3.1'& S

platned, to bear
E1Es, prevant o
ey ami eire»& Jegwsu, upn;; their Pressng
; it was found by Haldene und Pries
Cof am rJ?Ft‘f3~\pﬂciv: the mmount of J@:L
: : ; . e lurgs was wmeressed shout 50 par
wit L 5 Der .=eur shoet 10U por vr\i ; with # per cont. abous 200 pﬁr o .t.:
1 cent. wbui.iz‘, 300 per cent.; and with 6 5 er Gemt. ah w: 5K per
BRENLS pdum.g 15 severe, wherens with 3 per cent.
. 14 e h :;f preathing might easily escape nofice oxcept during
psenlar work, which wowld cause abous 100 per cend. more pﬁnting than usaal,
' in of ?,L._.. Jih o ihﬁ breathing being multiplied by, apd ol merely
With more than 6 per cent. the distress is

F o .:
<
i

1 ‘Em he § in {sﬁiml produes {% n A *«}mr* time, With sore

sent. thers ig an increas ous of
, howewveyr, by vo tnunediale : = and even 25 per cont.
a long time to produce death in animals. A mixwrs of about
}oper cent, of {0 with aily is reporied {o have been fried as an
: i;f fore £ Ednmiow}., &o., were adopted. When u diver’s hreathing
wl E}h C O pmdm tion is iereased by siruggling the

EA

to exhauation of hm {;zedr’ls?»w powers,
U\ a (on-zdvm};: loss prassurs a,f 40, than daring rest
: .;.;itg;;‘ free. : :

SRR 55}3{4; e {_’1?{’.(
probably
with 1

-t

vga

# Lo, cif., page 244,
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Deficieney of oxygen has muech more Tormidable
than excess of (A}gg but a diver nsing the o <§wa1‘“ czpp‘wa
Brom this couse.  The effect £, if any,

dagoay URVEen, tike E}}.U

depe 'i upon its pressure, bence the deeper & diver goes the more :z%ur

s his o® o Even af the surluce oo man breathing in a econth
SR, t a dived’s helmed, feels the sfect of OO, severely befors ke i

T from wwa nt of OxFget ; and a diver 5 fathevos usder water wonkd
are of €Oy long before
31 by deficioney of oxvgen, A 2 mar have to foar ihe
s of excess of oxvgen pressure, bhut only :11, {1{:{;1 W gyeater than have
.hiti;x-.r:u been accessible, as will be shown in Part 11 In the samples
taken the oxygen percentages bave been detennlned merely as & check npon
the OO, poveentages.
When the air supply to o diver s definiely koown |
minute can be caleolated from the analyses of 1

any dan
nly bere*r» nBeONSCIOUS {rom excessive pr

iny

1 r}ffuvirfm of (0,

> helmet sir, if we
that, as will be shown below o Le approximat :I\* T,
[ the saraple s the some as that of the mr lavieg the heln
sre be

me 0T
. This
made In connection

§'}~’3_" 3
calenlation, which 1 s very uselrd one, has therel
with the analyses, whenever the delivery of the pumps, allowing for lenkage,
was Known. "
The following snalyses of atr from the heliet were made with » view fo

determining Lle. sffects of fadvo“w:& pressure in breathing on the OO, pro-
duetion of w diver. The samples were obtained in the edpsrimental diving
tank, By E:{aid“a 6 being the subject. The samples in eanh palr were taken
after 3 and B minates of ventilation, ab as near iy as possible a constant rate of
12 revnlutions of the single pump, or 12 cabic feet of air, per minute, about
an hour '.'%;oin(r {'}a‘:‘*upi?ﬂ for ‘hr* v’hain ﬁr;ri@»":. ’f'h\, movihle experimenta]

iu m

Q0 in I'e
LETLES ¢

- Atmosphe

of Gl o

PYercentags of 00,

. - ) 0935 . e .
PN valve f}wm 5 11»’ slightly LAl PSS RN T oo
: B 61 :
and back weights off. ‘*?uod i i :mtc« Tl : ;
Hrat sample taken - - - ;
i Koeeling on bottew, helmst 6 fest below surfuc NERTE ;
o Fapeimental valve at level of top of b §; E ;.,:' J{ 284 1-15 031
.. bTa

plage, Valve opou freely.  Breathing eus

i R
oridinary walve {haight of eml.  Hreaib

!

L

i

!

d

{

i as lage, bot experimental vaiva at ley i o
4 ?

{ Labpred B - -
y

i

I

5

i

R E R | 436 “043

¢ Mame sa last, Tog e\pnmu,m.zl vaivs wh fop o

beimet,  Cansed ao wuch distross that shetwa ey
3 sumples coudd not be taken soccessively, and | > 5 EQI ‘(4‘05 demfy 1 b
tite U0 bad prabably sol reached its muximom | J Yo

pereentage - - - - -
r f‘.‘sm‘a E13 '\fs. 2, imt pu wy nfm at «ia ;a«vf;h:ti@t;

iy 19 . D
N cBh S AR XS FRR¥ 1 4
G ;
Lonat re.‘n‘i‘s&é .if.--‘i _irmx'imum - -

These results are In many ways Jostructive,  During conplets rest in
an easy posttion the COgproduction of D Haldane, which has been ofien
wmensured, varies from about *010 to ~012 onbic feet per minuie (nwasared
at abont 60° ). Yet in the diving dress, daving rest under water with
the breathing easy (No. 2}, the €O, ~p10duf‘iion was pearly thrice as great®
and was four times (3,», great with the valve freely open in ie ordinary
position.  The sbramn of ! the unaceustomed position wnder waler thus cansed

* This was of cowse chiofly doo to the wund of expedience of the diver,  Dhuving vesi Tu
an ensy pocition fo she tank Lientenant Dumant and Mr, Onito only produeed abowt G314 onbie
feer of (0 yor minate, snd often lesa than this. Experimects No. 2 sud 2 ware repenied with
My, Caito ns a:il{,<.(’.‘. anid an abundant alr supply (2 culic feet per winate).  His (Opproduetion
in o perfectly ovsy position, with the velve soewed op 50 »8 to fr;'mpia{'iv aast the lventbing,
was “0I0 enbie feet per minate, and with the vabve frecly open <014 suble Zoet per minute, or
MY per ceni. wore,

23
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inerease in the COyproduction, the latier being Ul Farither raised
Cof abost 40 per cent. by the extya breathing work with the
wnlve oper at its ordinary level. It should, however, be borns in wmind that
aboud zm%’ this g,}cha work winst have boen due o zhﬂ inadeqguate air-gupply,
- No. 8 the (U0, pressure had repchad 456 per cent. of an st
E*%z‘iure HVRSE DT L) the valvs proper by thus produces a vidous cirele of
of digcomiort to a diver. [n No. B the semse of pressare, disbres
disablement, for all practical purposes, was similar to that preduced in "J-.(»(?:e
in very desp waber with the ordinary luadequate azr»m}p{:i v
‘Tlie want of correspondence between she caloulated Oy pchd wction durig
standisg in the diving dress, and i axt on dinary comiortable position, ot
cused the suspicion that the san ples from the side tap of the b
, owing to tmperfect mixture of the air ioside the helmel, contain
- CO, than “the alr escaping from the outlet valve, 1o tost ’f%u% ;;rm i,
arrangements were made 1o take samples as tear ¥ A TJu«zh
from the side tap and the it opening ui the
with two cide taps was ued, one of these taps
i-’l“’w, nside the helmet with the opening of the o
o made in the gasengine coocting taznk at the
i.hv—. resulis were as follows, the ventilailon
ible 12 revolutions of ?'za single punp, or

o
a g
i

Fromivion of Diver : 5

o Onosweface ontside dask - ~ -

2 . . L 155 P40
3 ' In tank, valve st bolow surface - . S -7
4 ! . . o » . . P4 144
3 |. In tank. vaive well below sorface - - tod 1o
6 i » - - - 114 b

l' Mean “ - - . 1745 Y &

Tt will be seen that although theve weve sometimes differences in one
direction or the other betwden the HWwo samples in cach paty, due in purh
pm‘f} shly. to their not being quite shan! laneonsly ta ;{e‘ﬁ_ &re Whs ;;m:ti.zaa.].iy
> difference 5 80 L%m., the mixture in the hol i\: 'E‘-'&i‘i‘?‘\” mmpk—éiias
thore e ing To short-cirenit of frash aiv from the inlet fo the oulle

T the case of the Jast pair (;t sarnples, the diver (D, Hahmif } f;ouk Sp"j{}‘ﬁ
pare to get into a perfecily comfortable position in the tani, with the valve
well serewed up, 50 ag o rmnks the bpeathing perfectly easy.  The average
pervcentage of (O in the $wo saopdes wag now only 103, eorresponding 0
a produstion of {0y of (12 embic fepl per sintite-—q novmal amount 103,
complete in his {,:mo

A large member of sawples have heen cotlected under ordinary ound
of diving, doriag hmh rest and work.,  The vesaltz ave shawn in the
accompanying table.  In many of the garhier s :mﬁm the ioaxarm of the
ased was not measired aé the thne, and owing to the imimm yarving
: to dey, conld not be secur ately csfinated, so that i} Cigprodustion
of the diver cannot Be stated. The samples are arranged In ovder of the

depth at which they were ohigived. In collecting them, care was mkfze 5O
far as possible, to keep the pump wor i\mg (1{ a oonstant speed, and the diver
in o constant state of vest or work, for 2 or 3 minutes previously.

.’“"?‘;
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pregsure of

Heution may frst be drawn to the {,Uiui‘li'i showing the
atr of the helmer, - 1 wu} be noticed 1Ez1i thiz varied from
0 per cent. of an atmosphere. The sample showing the latser
ive wea ioken r.im{u sreat rh theuliles by 1 actor Waotkins

e sigoalling for more air, ;-mfi when he was probably ou the ve

I neciousness, Az ke was v bottows his distress was
e {ne 1o the inadeguats ajr-sup : ; pi‘o?j about L6 <*u'§'fs:’
foet pov minute wmeasured at surface than 04 euble feet per n*z?e
3 wresd gs it reached him, saents of the diver ;

i e contd be draven that ma “13 meoncentence and inahbili

Jderable exertion wore experimnosd  as soon an ;hf*
1ot emeeed about 4 per cent. of an atmg 35,11%‘*‘,
Eathoras, or 159 fo o, and a UOppressure of 425 e
i swas unable to rontinue for more thum 8 “minutes {hf, hieavy
ulling a rope passing through three Dlocks, o as to Lt 3
ht gbomt 8 feet per minute.  On the i}“f."r;s-‘ ham‘l v1th i;}m
ssaure well ymder 3 per es heavy exertious, gacl
ed for long uﬁ.’."i(}{}.w
: fathoms both divers were pu{w‘lg “omicriabie w 1111
& Clh-pressure of Jess thap 4 per rent,

The column showing the COpqproduction per minuie is of :rmml Bport-
ange, as (urnishing data from which it is possible tn mi‘ alate easily the supply
of air needed by o diver, mlm. g mto account alse his depth. During rest

g prouu{'iirm of {30, by Lieuiensnt Darnunt wag <092 eubis feot per
wie s < sea-bottorn, and 014 cubic feet in the tun k where the eonditions
: MOre fl‘»o wable from ahacuee of tide. Foar My, Catto the Siguves weore
“016 on the sea-bottom, and "DI3 I the tank,  As both divers ave spare 2 1}.&
wot fall, weighing only about 11 stone, their normal aversge
during complete rest, is ably not more than -0 cubic feet,

H wolion was a-'hmz!_. dn’u §’ he

of p

s tank, or on the bottorn, could be conid
¥

3 '\1’_1

Wi

rest on the sea- bottom their average (Oypro
trus resting value, and sometimes, in comBequence of the exertion reguired tn
keap stendy with a tide vauning, eve ?;m e or =<m" imes the frae resting

valie, Of bpé‘(‘hli nferest is zha 1 ?imi’ff*‘:mz“ Pamant ab
35 futhoung, the greatest depth re }_.ut ng {;m ly i the weight at the
endd of the shotrope, with no tide runping, This ((;3 pz f}a?u( fon was only
‘013 cwhie feet per minnte, which was the smne ns in tho tank at one fathom
or on Liv‘ Red- b(,i\om ander the same conditions at 23 fathoms. The OXyEEn
pressur was 703 tmw the nermal, or 153 per cent. of an atmosphere so, that
be was breatbing 7-3 time as mss_,h oxygen as usoal, but the oxidation
Processes 1o e lmix were nob inoreased, '

g work the COpproduction was, of eourse, always mueh higher than
curing rest.  The greatest amonnt ("079 cuble feet per minute) war produced
by Mz, Caite, dur ing ,_\.nzgw}(\% 1o free himself £ 1{*1“{; the mud, in which he had
stuaek a% a depth of 7 fatnoms. The air sy PP iy was rather shori, and the
COppressure, when %‘fm sarnple wawm}mm, was 7742 per ceat. of an atmosphere,
the diver | r,ez*zg: :?wdra!t\’ much exhausted by hie two-fold struggle with the
mud and the atr.  The production of 32 was abous 61 s Ures the frae yes g
value. Very nen 'i as high a COpproduction (072 cubic feet) was o
in the case of Lieufenant Damant, while he 'Ms walking vigoroy
the tank,  He had, however, an '}buﬁuuu, sir-sunply, and was mot stressed,
& CO, ~pressure in the helmet being only 192 per cent.  For crdinury falrly
1 wark the smounts more ?m.;n,;u.t.E3 obtained were “04 to *06, or about
bwo o three times the average awount during vest on the ses-hotton. o
take o g exampie of hard work Liestensnt Daman produced U113 cubie
fect per minute duering vest oty 23 s'athoz’ns: and "0 o "O61 while puliing
vigorpusly on a rope.

it s guite evident from the data shiained Mot i calewlathng the nroper
aii—ﬂup;év for a diver ‘1}1{}“4;*0\ nst be made for what, under any con 3,
would be regarded as faivly hard work, en E drm W uzh be ‘1 as 'tn df\ wwm'id
be very modex if dowe on the surface, b
hard with tide and zlaud, or when he is foul, often in con 1;'31{&* (LK
if an exhansting straggle for breath, in consequence of a high { Onvfu(‘ BIYE Y
the helmet, 15 added 0 his other trouhlss, he may ewtn‘ be incapacitated fo
his work ; or his life may be endangered if hig mind ’w COIRES {‘ﬂt‘if:i‘:{‘d gince

ST
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he might biow himsell suddenly to surfpce by filure to REMERE his valvs, or
in cerfsin stbaalions might 1l and be fatally injured | by the squesse due (o
the swldenly mcrsased pressvre,
we 3 diver resting on the bottor wsually produees, 1o judge fow cur
monts, about ~019 cubic feet per minnute, he would need, dmmff reRh o
Catmospherio pressute, just below sarluce, "019 w Al w63 b
mingte, in order to keep the COrpercentage down to 3 per cent.
3.[;.(.;%{@{{, \ about 045 cubie feet of CU;, ¢
Henece w nodiver ab work oughi uob o have
S > b per minute,  Ior ths vew alrendy explained,
he %liu,zxd ? ave ! l‘ 5 ?(:7&?;:{, of air at whatever yaesswre ho may be.  Hence he
will need, if the air be measured ab atmospheric pressure, the following air

sapply ¢

(344

Neptly,

! Burface - - - - - - 144
i o fathoms - - - - - 4
11 . - . - - - . i-5
i 16 . . . ; . A
Lon™ . . - . . . T3
7 - - . s

a very martied effect 'E.i.puit the Em i,ELlKi{, ai-l.&i will t}ﬁh i:’rm the pf swer of
doing hard work. ".?‘Em Bver will, however, at least be spared the severs
straggles for breath afﬁ dangers of losi nﬂ’ COnBCACUENCRy, which are 30
conrmon ander p“'caem m*zdmozh at. c:unwl{\i able depths or Wzdc*: conditions
ich necessitate nwch exsriion,

It is perhaps scareely necessary 1o sllude to the imaginary dangess which
are popularly supposed fo attend the re: sthing of air vitiated by Iration
o such an u{tr;nt as 3 pec cent. of Gl Any danger from the supposed
pic matter ' In gucl atr Is certainly non-existent.  Jn o *1{\ case of the
. a,iiih}{} ot present being constructed under the Thumes, the
London {,gmf\'i fvneit zequ* es that the proportion of U0, in the compressed
st in which the men work should ur}* excend 08 per cent. Whatever the
reason may be for this extremely costly requiremont, it Is certain that neither
O3, nor o ganic matter 7 from ws*?mstnm would have auy deleterions effect
wnless $hia propos tion were very largely exeeeded: and although onr
standard of ventilation permits of 150 times s much © 1(‘\3P§r<}t{wy mpuazrity
s 1% comnonly %iiwged o be lnjurions, we have vo misgivings whaisoever ag
0 the “ orgame matter,”

In order o attein o a given standard of ventilation it s evidenily
BECEESREY 10 }ift‘}\ the pump ranning ab a cerbem rate; and in view of the
pmbzumzs‘ that the up:}rwwuu sxperienced by divers in deep water iz dus
to increased pressare of U0, from inadequste ventilation, the first thing done
wag to fest the pump which was to be f‘m‘pm*‘{d i ihe early sxperinents in
the tank.  Uniortunately, as matiors twned out, thiv particudar pumyp was
new. and phonomenally gouﬁ Tt delivered at the time exactly the guantity v of
air {10 cubie feet per revolution for each eylinder; calewdated from the
diametor of the cvlinders and stoke of the pistons ; and at w pressure of
146 feet of waler the delivery was siill within 12 per cent. of thig amonat, As
a eonsequencs, 1% was somewhat rashly assumed ‘that other puops,  oiled
and caved for in accordance W‘th the Service dire t‘u;,,-, wonld give about
eguaily good resuits.  The rexults of snalyses of sirsamples from deep water
OO, zznmwor,, Maukgd suspicions.  Thus, to take an iustance, three samples
collected by Me. Catto during rest at 14 fathoms, with the siogls pump e
R _fawiun'}m pf*: minyte, gave respectively 155, 142, and 154 per cent,
of CO; {eorrssponding 1o th& bigh pressures of 5084, 563, and 540 pur een,

3

-t




xwp Beve of {0 whz,rms, 15 judge from samples obtained hy the
ver while at st m m‘, sails, mot moTe i’h;m (8 p«“*r oeb. ( f.% {.?.}&’hb

R };ﬁen ;wp%rz

.e.»prn re u.f L.{},: £ 'd Lo ina?rs:;f“’"o%‘ 1;’}
i 's:'e-nii}:-{{é{_sr! during rest, of 27 revolutions of the ‘\131“’1(‘
'?t was thevefore 14‘5(}ix*¢>f'i o tost all } PREODE
quently a number of uther pumps, from various ¥
514 -fm-’?x were sxatsined. '
¢ tosting 4 diving pump the ouly ;mk esx ob present in uge M o atlsch
a Jength of pipe, Blnk-flanged ab the fur end, to the pump, and then purp
aly up o o considerable pressure into this pipe, and watch the aign after
sicpping the pamp.  If the pressure anly falls slowly, if at all, the pump
hgit, It iy evident, howaver, th:-ré, SIN0E ?*1{‘ £INgo 18
4 bevend the outlet val ves, this i - esds the outlel valves of

JERIRSY

the pomp, and noi the pistous or nfet Hore wholly Hlhasory
A tof the pumyp itself.

fest Ih? rest effici jictiteny of a ’g}‘hﬂp the ff:afﬂwmﬁ‘ Process Ban haen used
experiments from the ouisst (see Figure 4).  The dedivers- “pipe
«t o the pump was conuected at i3 far end with & short piece of
ary stoub hose-pips capable of being compressed readily by 2 large

sorew clamp or spanner.  This hose gnpe was connected in furn with the
mdet of an H‘;’:‘(‘;i{:é?}"? ary gas-mefer of “30Dpbis” capacity. 5 test

pronys, the number of revolutions whicl it required to dr
of iy was counted, the clamp being nsw J? M ?3‘-{‘-
the sseond serewed up 6l the ¢
and st the third screwsd up
evhinder was tested sepavated, uso vmsin r;{ the ilnzs&iw for connecling
each evlinder separaiely. The pe.res.mf e leakage nr-imu (u: mch pm ganre
el be ealeudatod from the number of revolutions
dhzm“f\*'u air.  Thus with e single eylinder, i there

100 rovolutions would suffice to deliver 10 cubic foe
wore needed, the | amg.rg wonld evidently be 33
be 50 per cent. ; sud if 300, i would be 67 per cent.®

The fivst tests made with the pumnp used b sea, and which had caused so

much distress to b mtrnf-t{)r Watking, showad o leakage of 49 per cent. ab
06 foet p*‘ebcu"e ad T8 percent. at 00 feet, in ihe k viinder, the imkacw
from the right cylinder Teing somewhat Jeas "_f.’.: I ,t’-h liw left eyling
the diver wonld only receive at 100 feol ¢ I
from the strokes of the pumy, and ap 200 'r..;nl‘_s 2 1;%b .
the depth al which ?mfwemx Watk s his sample, the an»ku;api»
¢ by a diver wonld be 63 cubie feet per minute, secording to the table
ous above.  With such a io(i > he could only have 7t 1175 cubie
feal u minue from one ovh : WL
pumyp golng ab 30 revolutions per wminuie. about as

h or a cubie foet
RS :pé\n at
T {}° Wl’::i

A% a rule sach

o
v
s
¥

a5 i}

drive 6 At 200 fest be would unly have re-ff,umi ?E- {ulm,
wlinders, instead of the 1175 feer reqguirad i
la fact, quite evident that auy stiempt (o do

12 fathoms with a pw np-in this e ouditiog ("uiri citt

diver e a e "=-'m'.i\>r f}f intense (s 5.

\ s T guantitative fests made ai the Y hysiological I dbwr(z?m
Olord, bt al :mwh there wag slight . leakage al the. inlet an{*
oatled ‘zm‘vr"‘o ﬂi ?-*if'- this was srifling in amount with, the munp
; '.."33.0- great can ni leakage was fuilars of {?m
“'5 '?'E“re'a pm:‘é;sw to aet; and this faitbuee could only |
L temporarily vewediod by sosking the leathers To ofl, and « ;
cimilar weans,  n purmps which had heen long in use the len hage was
congiderable, even with o adverse pressure; and in onpe old putip in ue
1 in Portsmouth no ale ab aIE wWas - ds—;wfsmai fi*om OUE O
2045 fees pressiee, whs
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ot

spesd; snd ouly 71 per eent of the proper delivery when the pump was
W *“%;mw as 40 yevolutions per minnte.

» fpllowing table shows the resulis oblained ju d:e:: case of & nwsber of
pumps mouse on vessels ab Portsmounth, and tested wnder the suparvision of

D Hees ab ordinary rates of working +—

Peroprrace LEavace of ordxmm SunvicE Drvize Poses in ouse on
Sups ab the Time in Porrssourn Hangous.

- Moo ol Ponp, Syiinder,

B | 2ot - S 29 1 8T

e . - T Righe - - . o 30 B
14159 :/ fely e - - (§ iG 45
- ; T Right - . - o TR

y303- i Bight - - - 8 & 33
SR Plodels - - . ¥ 33 178

o ¢ | Left . o 10 W 60

e ) 1| Right - - - 23 31 46
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In view of the varving im kage existing from day to day in the availuble
pm P, it was fouad nec -, in continuing the experiments at t’sp{am’aw i
1 i s use, ot about the correspunding pr
{_}E revolution ; and the airsupply, ss given o the table of anslyses
i on these tests, The percentage of leakoge can easily be caleulated,
if refiu'ircd from the air-supply as compared w 1%}1 the revelntions per minute
and nuntber of ez hmiym nied,

As it was evident, algo, timt x;}ne double puny counld not fumisb-suficient
air-for diving in deap water, srrangements were made for conaesting togetheor
the deliveries frore. two or zlnw double props, Frperinents also. showed
thas the greatly inercused guantity of air thas delivered condd el escape
froely from the helmet with the outlet valeo well opeied, and that the pipes
were of sufficient dinmeter to pass this air w the diver withont causing any
updue resiztance,  The reststauce o ;j ?}v }‘ii}"*-‘w (md \aiv{n to the e
of a wzv..,n-qu J’l‘{l 'y of alr i"mmssm‘ ¥
urse, fe
TOR GRS NE _
Thus wiﬁ; @ {.iwzr ai i \}g} few or E: at:‘r.gmp heres uE abmht& pressure, the
density will be ineressed to four times, aad the velonity of How rveduced 1o a
fonrth, Whis resistance will therefore be & = § of what & would be at
surface with ihe same air-delivery,

The arrangewer

¢ finslly adopted for conne Hing  the PRIGDS Was &
four-way junctionspiec _;zrovsdui with taps and connecting junctions, so that
tn case 0f necessity o pamp {‘0%31& be sasily connected or dise a:mwte{é with
the diver down, and a second diver could be sent down. from one of the
sume prmps after discotimection,

in view of the Hability to leakage with the present paticrn of Hervies
pumyp, partieniarly after use for: some time, the Committes connmanieated
with the makers, pointing out the necessity for move relinble pistons for s:.'iefa_p
diving. As the resalt of a nuwber of experimenis, Mosers, $iebe, Gorman
and Co. furnished a set of punps with greatly improved pistoms, which, when
o4
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fested 1 the workshops by the wmethod deseribed sbove, gave excellent results,
Some of these pistons were fitted with leather cups, carsfully Bited and
fuwrnisbed with steel \w};t“'{ﬂ{;};b 0 »ws»y the lmm»rx closely ﬂpplied to the
' The others were furnished with mefal piston-rings (sce Figare 19),

;mm?ﬁ were uaed i1 the i-}.X_[;f pInenis o very a“iee}} water zi Look
re they were fested almost daily with the weter, and both
¢, with the exception of one cylinder fitted with piston rings, continued
give wutformly excellent re ,,em{*ujo or loss being 013}.& abiout
v cend, at o pressure of 2K ot of water, and 12 por ¢ 160 fest
we, This amcunt of loss might p{ =§mp be slightly imy pmvrsd wpon, bt

it wust be borne in mind that there it unavoidable catses of loss.
Lo the £ ;s‘ place, & small volame of {__;E ( spressed air mug be lefy in the
end of tha phii}n at the elose of earh sivoke, althongh the ¢lanran
amatl s ozl secondly, the piston and \vbmiz roars heated more or |
the wméowing air ‘Wi“ D w will tuke

woisture, \panﬁ?m being thus en mmL and con
mass of alr delivered by the next stroke. The wa
ean only pattially prevent the worming.

i he dollowing rable shows the resols of tests made in the workshop,
e the pumps weve sent out, of & seb made at the end of the laeh
Striven esperiments ; about six weeks later, after all the pusps had heen
1 for some time; and of o further ses ""E"uidr, during colder, weather on
cernber 1 -

3 13 very
3, 50 that
some of the condensed
ent diminciion in the

er-incket round the piston

Fernentage G?’ Lass an o Prossirs of
it of Wanar,

P Cylinder
tosted,

. . "L . " ] SPNRAYE 1. I PRELEE ¥ X
Nusaber of Pump and Deseriplion of Pistona, gt ,«sw, 5,

[y 13
3384, Both plstons with metal pleion rings j; : ;){f i 24 23
5 T i BT 5

G882, Both pistony with lenthery - ; 7 I 24 26

i Lot 3 -

352, Both pistons wih leackers - S i won
3604, Right erliader with metal piston vings. { B 46k per cent. 351 438
Left cylinder with leathers - - - i Lefe 1? " 24 1 E8-7

sulating throngh
_ M , S TR T
°»3u{'wf~1 of Jw pamipw, \Ahlie }u, if\ te ma ia on the “Spanker
were without this precaution ; and, owing to the pumps heing placed on deck
aver the boilers, the water standing in the jackets was about 7% F, above
the airtemperagure when the fe were made.  This tﬁaﬂ\r%r*e might
aeeount for the slightly gveater loss in the second set of tests.

In ortler 1o ascertain the effects of heating of the water in the jackets on
the 11“}’\{,.{'\ of alr, cue of the pumps was kept running continuously at
S0 revolutions por winute and 200 feet pressurve (M8 ib«,; the femporature
of the waier (after miving) being faken at mier“ai»} aml the delivery of air
maasured.  (he vise of %e’mp&; wure was a8 follows

IR LR Blseof
cket, | Temperabure,

1‘}‘

jjflgig’?n i, I)(—gt‘t‘ec B, I

Ai sterting . - - - 5] -
. After 13 ndastes - - - 1z iz
[ T . .. 42 24
Ty, . - MR 23

the delivery of the pumps could not be measured simultancously with
the temperatare, bus the latter could be culenlated by wmterpolation.  The
regalts were as f«ﬂitﬁws, ii%iili}ii’”? & supplenentary ohservation with the
jacket arsificially hested



27

_________ Fem pemt.ura? of

dog ;
b Degress :
| At starding - - - - 28 : i
© Afer ranpiug 17 nuautes - - - T4 | :
i 1 . - 45
|l After hot wator poured into jucker - 134 ; |

These results show that it is_betler to ng‘ny the ':s,r‘ife:'; cno} hy f;:i'mi;*‘i;:z.g
the water, but that the foss cansed by b g of the s
within an hour,  With water glowly civeuls ;
DU, A8 ret,po‘z*tf*f'i by Messrs. Siebe, Gorman & Co., she m“i an increage in
loss of only & per cent. after half an hows work, 83 compared with an
mcresse of about ¥ per cent. wm the above tests with the water remaining
unchanged,

A fartiier gquestion iovestigoted sf the sume time was whether o

ormation of (0., of even carbon i(t (';:x;if_ie (00, vesurred tn the pumps
r*o?wtfammwse of the heating of the oi iy ;.,1 gl alr-compression al eac ih
stroke,  Any oppreciable ”“Oiﬂ%d*imi of ( O would e o serivus malier, and a
santple o‘z the air delivered affe ; joekat had been artificially heated, so
that the conditivns might be at their worst, was corefilly tested for this
gas by the blood method,  No trace could, howover, be dstect As the
presapce of this gas in the air delivered by COMPTESSOTS has often hesn
‘ A, it may be mentioned that wno wace of & ecoubt be fonnd by
Dr. Haldane in the air delivered by compressors on {ornish nines

*aithough
the temperatire of the eylinders rives an figher than in those of a divin
puntp. 14 s, of course, essentind to have an Coil of Huzs“wir ow Hashepoint,
to prevent any visk of firing and for deep <divix jackets s
abeolutely essential.  Firing of a cylinder, with eonse {'wma g,mfmfriou of
Ul and CG, would be disastrons,

{Zfe vesults of f‘w othoz anslvses were as follows +—

Lo ) i
Tempersture of | facrease i Gty !
Jucket. I Peyventage.

Degrees ¥, ,

84 : &0 P e
2y . {363 IR ES] '
TEi : — [SREE]] :

12 f-00 012

l*mc resnlts it appesre d *haf thero was no formation of OO, by
osidaiion, but that when the iacket was wmade very hot & slight absorption of
oxygen oecurred.  This w ould be of no diss ntage fo a diver,

= *u;mng} that pumps giving ouly about ¥4 per cont, of loss ar 200 fect

Sure, And & Proporti onally smaller loss at fower premvmm, are svailable,
we ndy now proceest (o ealonls e the rate of prmping, end the number of
inders and of men needed in order to give the ammm% of air sirvendy
specified as peoded by a diver in {Eo ng mod{ miq—jy hard work ab different
' 1=3 the fnhc}wm g table ?u_"

Pathoms | Perd,
) S 3 1 :

is G § 24 }.hay

1 N R ¢ 1 3o 4,440

58 44 2 2 10,504

a4 ' -4 a ; 33 ] i ,(’i(}i} :

i3 . Tra ) 4 21 5550

Hk 839 : & 27 . 'ii LICEY

98 33 ‘ 3] 2 : SEEE

23 ' i2Q . i 25
: ) 5 :

* Haeport to the Howme Reoretary on the Health of Corpish Miners, 1904, page 58,
Bos003t, E
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A good diver can no doubt usually get on C’)mi{}rm}ﬁv nongh with the
quaniities of s Mpe\,iiw] iti the table, and half as much will sutfice for him
' » doing 1o work ; but wheuever ] be fwas to exert hunsell much, a5 when
he has o rontend with ¢ 10 or muwl, or has ot foul, he will noed more than
the specilied air supply, and ;)mvmrmi <;13g,1a, at least 1o be made i et hun
have o thivd rore when necessary :
' many other observations made én the coarse of

For Catio accidentally got fonl of the voils of
2 wire hawser whwh }n, was %i’;‘u:k}m;ﬁ on bo o weight representing axw anchor.
The two prups sapplying him with air were meanwhile, owing io the men
being Hred, only gowng ab 24 revolutions per minwte, 8o ‘hat the air st

abont 8 cubic feeh per ranmte, which was not much shoet of 97, the

ws
caloulated 1;_&&12.3”? Although }15* wWus Lumir}xi‘sx site enough with this air
' 1w long as sl went well, ke found it quite insufficient when he was

imself to ééi free, ﬁnfi was 50 much affected by the €O, thas before
he froad himmelf, after a mi‘,._ﬁxgﬁi@ of 20 minutes with ihe coils of the
Iwser (o soft roud and piteh darknoss, he had bogun fo feel that he was in
danger of losimg conséionsness wnless. he stupped to rest, which, however, he
as wnwilling to do, as he bad slresdy much excesded the ln*{d!: of tme
slated to be safe at this depth.  Nest day, at the same place, he shackled
ol the hawser in ¢ minudes Prom the time of resching the bottom, and
miortes from lsaving the sweiace, teeling no discomdort, with 3-§}£rsit. the
seime ventilation as before.
Ay 23% fathoms L i{,uionani' Damant fouvnd that with the two pumps at
24 revolutions {sbout the specified quantity) the air supply was not sufh-
i o ?nftbl? }‘im 0 wﬁtszme for more than § winute, a heavy exertion
The CO, pressure o the helmer alr had risen to

}% take another instance, Mr. Catto was grealy affested by U0, when
fsu nggling out of my ud st a depth of 42 feet, the pump zie.izm,:xzn& at the time
f‘%l[}i feet of aiv per m%ma{@‘ d}’?ii the (), pressure mdicated by a
saiople from the _i'_s.e,i et being T 48 per cent, of an sbmosphers.  The
3-8 oubic feot calenlated from tiw table would have still been insutlicient,
fully a thivd more than this being requived.

Tn order to have some sorh of measure of the powers of a diver dolng
work with varying supplies of anx, the following ar Frsgere wt was emple swi
A spar wi ith a block aud pulley attached to the end (Figuee 18} was sigﬂesi
- the deck of the vessel, Oveér the pulley a *(;z WA “1‘19\<~ed with g
tght at f;.a,h“i‘z at one end pear surface, the other end being rove
.mmxﬁ& & second puliey attached 1o o Zeowt, sinker on the bottom, so that
the divar could gtand wpon ¢ the sinker aud haul on the vope.  An observer on

covnted the nunber of times the diver conld Bt the H6-Ib. weighs, and
the "znzuhd of {:mh iy, « togaie belng atlached to the rope above water 4o
; ; 9. In the experhments at 293 fathome two pulleys were
empisw il ﬁm’ o water, 80 as to prevent the 58-Ib. weight from getiing foul .
of the ror E:M{*m ‘where the contrary is stated, the diver i‘ozsi inned o
henve the rope until he ’W‘E‘v exhausted and had to ut{;p
The following table shows the results of & munber of observationg 1

B
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Lo eonnection with the last two ex;}m iments 1t should be explained that
 Catio took hig frst sir-sample darimg work after four 1ifts, and his second
woseven wore. He was not exhausted at the end, sad could have con-
Tasutenant Damant, who was w 01"?;131;:; faster, took his firss
after five hifts, and his sooond after 18 more, when he feli
mr dand out of br f‘sazih the U0, pres in his helimet mwf'n;_': reached
2 per cond. alr Mu;z;» v owas also o Gfth less than that of My, Catto,
i a%ir o the vesults of theme experiments as a whole, they confizm in the
% g wanner she conclusion that the speeial disivess from which
wWler 1n deep water, and which destiops their wor E;mg powers, is due
simply and solely 1o increase of the OO0, presswye in the hehmet, and that
whatever the depth may '2;{ up o 35 iﬁa’fhf‘ams, thig distress can be entw
4’11;341‘11&5% by ««npo% the {}Lza‘szw?v of sie i‘w)*‘ weally ealeddated as
nee . With & p -i ifwd air supply, as in the first three and the sixth
ez:ps:rimf-;m:, the diver could do ;"ai_}';!!.e.?_. as ek Elalh}i'.} - on the rope At e
1o above water, the work of pulling o it} a.r...a tarry rope round iwo or
vy, 80 a8 to 1 ;,E-.e* E8db, w'uht bedng w(,ﬁli'ﬁ;m* exhavsting.
=rate supply of aiy, a8 in the ir‘;‘ 550 expet _oués the w lf'ismsr
1 markedly yeduced ; and seith a distinetly insufficient air supply,
irqants, which were made nader ordin: wmry Service oon-
ditfons, work was quickly bromgit to a standstil] by accamulation of CO, in
the helmet aix
my other observations, which it would be superfluons io mention in
detail, Ted o exactly the same conc:inr&ir}i;, which may therefore be regarded
s fquite definitely esfablished. '
it has already been remarked that the work reguired o heave round the
pamps 1o the ans ary extent mu eases with the depth meuch move mpidly
than the ncrease i presst ; vk is shown in the rable on
page 95 As a matter of fact, ){) e ¢ hard in altersate
Hemnnute spells of rest ,,m] work, wers qrxw wly ahie to %a,ep vip the proper air
“tmpiy he diver at 35 fathoms : and 24 men wirking similarly faided to
ply boof air at 30 fathoms.  We calenluted that about
2,000 foot-pounds per minute of pumping work repl nted the wmaximurm
which 2 man withont p'r{*'vif'}tt% training could be cxpec to do, Three men
wera smpioyed on each il"},}ieiif* of the purap, but owing to there only belng
room for two inen, the work was dome at o disadvantsge. Longer h'imzlm,
adapied for three men a side, weve alterwards supplied by the makers, and
with these the men were abie fo heave round at the proper speed. They
were, }‘(}E'f*i""l' near the Lwit of their power. Uwing to the pressure
whieh, the dive Were' orking baving alse resched the hmit of e gnage,
and other difficulties, 3t was ewuemit }mpm(‘twahi{* at the time to go much

deeper than ,-_53 }‘dii(}m% and $o Iurther test the possibilices of manual
PRI AL,
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Part 1%,

T

- DARKGERS OF DECX INOIN DEEP DIVING,

Since she early days of diving in deep waler it has Deen a2 well-known
fact that divers, on their retiorn o the surface from deep water, may develop
serlous syinptoms, consisting sometimes of an adtack of breathlessness
eope, which may #od in death within a Jew mwinntes or hours
‘wf}i""(‘ijirlt*ﬁ of motor or sensory  paralyeis, wsually of the dower lmbs and
Bladdor  and sometimes of 1:{:‘&.11}11,%? WOTH noattacks of pain in the Umbs
or elsewhere. The paralytic sttacks ave sp ‘-:mi'lv COMIHUN WHODY ivers in
deep waker, the affection being popularly koowa " divers’ I,aiw T The
greater the depth at which divers work, the more serious does the risk on
locompresgion becomme.  Kven, l‘rlfm ever, when ost alsrming aftacks of
asphyxial symptoms, or pa b&ﬁ;»j have cceurred, complete recovery nsunly
follows-—often with surprising rapidity.

Men who work in compressed aiv In eassons, vl 0y bells, sunnels, or
“ tobes 7 under construetion in soft ground below waterdevel, in mine-shafts
being wank through watery strata, &e. - BEE sl ject on coming out o similar
Sytploms: ~Jnown s * i3 fziui“‘ahf“ Work of this kimd i naially
earried on af s mueh high sivpressure ihan that fo wu} divers
commenly go, bt the dwation of the exposure is far longer- i.If-ii?x-}.H.}_?' 4
to 8 hones per day.  Among these workers n comprc&md alr  the
conmcnest syinpiome are atmcks of paip, vsaally in the Lmabs, often very
acnte, and called * bends 7 aud “serews ” by the men; but casg oi’ i}ardl\'&sln
and asphyxial sftacks also ocour. Thess Sy f,(ar'}% s sHy develop s
a fow minutes o an hour after decoropross DICESUTES e:w{,nfizno-
about 80 lhs. to the sguare inch (about water} 4 'beffsn to
geour, and at anyihing over 30 lbs. pressure thev 3»0@0‘*{1#
their frequancy, fnloss great precantions are taken. Among
ather hend, decompression syinptoms are seldom wet with uolk
boen ab more than 40 Ibs. pressure (15 futhoms); and the comy
iéi}();i" exposure of the diver undoubtedly accounts for this difference.

The ramse of these various forms of troubls was snccessfudly elucidated
about 30 vears ago by the French plysiclogist, Paul Bert,” by experiments oxn
apimals, When o gas is by nghz’ mio eantisct with o 'l;qui the latter takes
up thc zas n stmple solution {apart from any chemical alinity) unul & stafe
ration 38 reached. The araoint thus taken up ria‘{)midq upon Lhe
c‘-o—aihei.am; of solubiliiy 7 of the gas in the ih;ui} and the tomperature of
the lguid, and varies direetly with the pressurs of the gas, m accordance
with what 1s known as Dalton’s Law.  The blood passing thr cugh the lung
is practically in contact with the alr Dreathed, and therefore takes up, w.in:n
aoman or animal 38 In compressed air, an incesased proportion of nifrogen
and oxvgen in shuple solubion, in sceordance with Dalter’s Law. :

The increased proportion of oxygen so tuken up vnly adds slightly o the
rotal oxygen in arferial hlood, since far wore s normally taken up in loose
chemical corabination with the haomoglobin; and ju any case nearly all the
Free (r.e., upeornbined) w}iygesz of the blood disappears when the latter
reackhox the tissues. Uarbonie a is of courss also preseni n the oy wir
to the extent of about 5°6 per cent. ab ordinary prossuce ; iw 4 the a,ﬁm}'}h“w{}{j
air makes no difference as rega *“dw the solution of O, the blood, since, s
*iE_x sudy explained 1o Part 1, unless the aix bresthed is very foul, the prossurs

v %:’%3@ (:0), in the lung air 48 kept consiant by the breathing, whatever the
otal atmosphierie pressure may be.

The increased proportion of nirogen taken up by the blood in compressed
air passes to the vavious semi-liquid tissues, which gradaally also become
satnrated, since nitrogen, unlike oxygen, doss not disappeatr by entering into
chemical combination. The whole bo&v thus gradually becomes saturated
with nitrogen ot the pressure (79 per cent, of the total “rmobphem,
p?é,s‘—u; e which this. gaf;, exeris in the compr mm’i air. That the bleod doas

T

Paeenl

et

et}

* f a FPression Enre)w?rag:zw, Paris, 1878,
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Iy becpme satavated with nitrogen in this way ws shown by Paul ?x(‘ i
whose results ave heen confirmed sod extended by subsequent ¢ ihserve
1{ the excess of sin-pressure i3 now rapidly removed, as oconrs when a
s quickly to the so or a workey in s eadsson passes rapidly
rgh the sivdoek, it i3 clear that the blood and tissues w :Ii for a time
3 condition of super-saturanon for the diminished pressvie.  In con-
2 of $his she nitvogen will tend 1o Hberate iigell within the body
he | hubbles, juet as UQ, is Itherated i bubbles when the cork of a
bw{s fo of ned waker j»% ramoved., When a lguid s saturated by mni,u b owith
WK the PTESEUTS sorhed i’}‘{; the gas in \flhi‘iif}fl i the smme as thet of
the gax in contact 'w.*i.h it. The gas 1 sohution will lend o i »ﬂ-nm; Haelf
in the forms of bubbles 3 Hs pressure in sthe lguid « ds ihe
exterowl pressure. Thus if the Eﬁu od and tissues be uai,wnae{f{ with ai
4 atmospheros pressure {60, at 3 atimospheres sbove normal) the nitrogen
. schabion will fend o z’remw waell i bubbles sz soon as the esternal
_ falls below 79 per cent. of % otmospheres, 4e. below 318
atmospheres.T Tt doex net foﬁs w, however, that any actual, or at say rate
axiy vapid, formation of bubbles will accur, purti uzikugv in the cage of an
sibmninous Hquid Hke blood. In practice there seems 16 bo uo danger in
1) uwmrspzc on urdess the absolufe pressure is reduced to less than
balt what 3t was; and the lowest présswre by rapld decompression from
which ,=. c.{-,.ai accident has ccenrred in o caisson worker, i 18, 80 far as we have
}va to gscertain, 23 Ibs. per aquars inch, or 2-0 stmospheres of
sorls synre, correaponding o 83 fe {‘t of ses-water.  The ceeurrsnce of
i Ay Yind does not seem io be uhwrwd with pressures of }.(?S?S
than 2°3 sting ~v§ wres, or 18 e, (45 feet of sea-water, :
<mi Bert proved by nuomerous oXporireents on animaly thae snddden
decomprassion from considersble prossuras commuonly  csuses demh  with
symptoms of asphysia, or else paralysis. The higher ‘the prossure, snd she
longer, within certain Lmits, the a’qiom*e 0 it, the more absolnte the
laty of death becomes. On examination of the bodies. of the: anhmals
ortem he fornd the veing in various parts of the body full of bubbles
ing almost entively of nitrogen; and in the cases with syinpbmng of
The rigls sade of the heart was full of froth, which him covnpletel
2kad the eireulation, _ :
The svmptoms of paralysis were evwien 1y due to pariial or complets
king of vessels supplying the spiusl cord or braing and in auinsls
L had survived $he paralytie attuck for a few days, soft vnmg’ and the
T 1] degensrative charges wavs | aawi in the qg;mai COT d'at the pmu‘w whore
the block had ocenrred.
“wul Bert's main conclusions have ;
hy ral suhsequent observers. i*; uitable mmswonw:gz -
’eﬁgcicaat,? were able to ses through g .rmu.*os_eo}:xe thie | ub hles forming: in
the eapillaries of o frog's web. After keeping the sminial -t a presst
20 rl?“llt)w}’hf.rf for 10 minttes, during which the civculatipn went on quiie S
xuml they %ueif:s.eﬁ.'?' lowered the pressure o normal, and observed that * for
¢ after decompression the cireulation continaed unsltored,
Tl f%rb’?‘“z\ bubibles wers seen, first one, and then ancther, aad then
1 Litb%h sewveyving shrough the vessels a;zd driving the corpuscles befors
them.  In a moment or two the vessels boeame entively orcupled with
coimns of air-tbbles, and the ¢ circlation was at an énd.” By rasans of
apzu *"*h(’e'**';}}}l’e i Cgas was again driven into %ﬁi}?mi, aui}
zibllhhf‘ﬁ} the ardmal being uninjured. .

£

per wean of uniiregen | ir;riwiing' 9% per sentl of avgon),
PN z% por Nrnt of eent. of U In the alr of ibs lung alveoll the oxygoen
i diminiahiod by oard dhe Ly i(?itﬂﬁ‘fﬂi o 5 :
simﬁ&‘rhm fe pressire 5 bul in {{}‘R}_p,.f.'\z’\{"ij nhi a8 b ;
; gon i from purs #it.. Thoe whole
f.»f nitrogem for erch simosphore of prossnre. of
senrky si}ﬂ or. of nitrogen for fach &i:xmapiror{ of wir-prossme o wt- §
wakimmie, as shown s she :
v, 326 atmospheres, 5
a bload, Th

(mmm 14 p H cum of ong aﬁ’ nm’é}ﬁ}.a
wontaty (8f atmospheric fredsure only)

T Fowvani f;‘ Hirteme: Vol, 3, page 438, 33,
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lts of postanorten: examications of the bodies of men who havs
3 decompression  have, when conducied 2 eompetent moanner,
confirmed Pagl Berts experiment Pevhaps no case has heen wmore
mw;wiw%v m‘ae%‘ ated” and recorded than the following, rwanmi iﬁ the

.?; salth of the N Tavy 7 for 1900, by Fleet-Burgson A, M. ’tigi{ui who
e by Surgeons Porrestor and Forest,

o34, P, dst class, was employed diving for a torpedo in
tur.;'i}rﬁ_‘) of water at munfifmh_ on Novenmber ;}Bi‘h E"i'e%' waz o man of
¢ good physigue, . and perfectly healthy, A warrant
in s‘%zrw of the diviag vg arty, and owmg to the great depth of
: wlar notics of the time. | He platos the man took 40 minates
2 boitim, that he remained there é{i wunates, and took 20 minutes
10 eome up. Thig 1 {G?f‘} *1 Adid humsell slowly and steadidy uth\“;"t haarry,
fh,(‘ men i the boas i the slack of the wope. }Ep elinbed ap the

; it and on she face-plate of the hejmet being
alright, aud then came into the boat with the o nary
e to be undressed. When the hebmet was taken off, he answered
v of questions abont his w aud guve o most detailed acoount of the

He also joked with i%a{‘ .)??iu e, ,\'Em sl say they never suw him, or
auyone sle, come uy in hett elt perfectly well al} the time
he war 111 .h.-e u&tm wﬁw_-‘. nee ‘5‘33@@?‘(&3‘ dm} only came up
b d nothing.
He was th- '-whxl w"*}bk, and ha {} aimoiutc iv no w\“*s:gd«)mh whatever of
anvihing wrong il sowe B oor i minutes had elapsed from the fime of his
leaving the waler. He then suddenly lained of pain o the ?’5t\)‘i'¥"s}ii§1:!.?
aud asked them o be '3_:1101; and get, drogs, 45 he w svhm é,o 01
’Omw Cdnoa second or two after to said, f‘»., nd dor the ‘;(;f*i and
sl dewn in the boat quite jmap and vneonscivus,  Fleet “urgﬁ,(‘n
saw him at ouee, and found him in s conmtose qme Iis shin was
Vi ' and his breathing was stertorons, labouwred, and difficult,  His lips
wore Mowiu;‘b and coversd with froth,  He wus taken our of the dress and
earvied to the sic L bay, bus death took pi 1o before he got there, viz., about

3 e surface, and 6-7 from the first wmp"s}zm of

e & convalsions, or spasm of nruscles at any time.
e JORE n‘oirv}:z examination was made on the next forencon, 22 howrs aiter
3 wuf thie assiatance of Sorgeons Fomester and Forest
Rigor mortis was well marked.  Post mortem glaming muarked abous
pook snd lower hmbs. On incising the sealp, a ¢ immmv u’ very dark
ectonred, aloost black, fuid blood flowed from the cut vessals, pzmmpaiiv
tee temporads.  Un removing the calvarium, the veins over the whole surface
of the brain wers deeply engidrged with the sawe dark fuid Blood, and on

n the boat's side Emm«a

It

i

<1, he gaid he

—1

3o

a1 f.i.

veneval of the brain o hoge \;_mm’;w escaped from the vessels at the hase.
Ao zi’eis . examination was made of the pous, medulia, and wpper inch of the

covd. was no evidence of auy laceration or extrnvasation of hload,

Numerous small blood vessels were marked in the cord, &¢. by the black
puneta ;-wﬁhm by the f\‘id?’ié’ Black }}krsod but up 1o this Bo aIr was seen.
Chi rg soctions of the hemisplieres, nothing abnormal was noticed until

El

the Interal ventricles were openeid up.  These contained litde or no Haid.
The striking point was the presence of babbles of aiv in large guantities
in the veins of Galen and choroid p loxus, these hu zd o beaded AP PRATANCS,
ami showed prominently against ihe dark Background of the plexas.  On
ination of the veing of the %x;rfaea of the .i;raz_g, which by thig fime were
emg :u? of their blood, they were found 1o be ina shuilar condition. On
ening the thorsy, the lliiié,m were found ahsolutely hewithy, They & ?pﬁgw{*
soptain less Blood than sual, aad were ot engorged, The pericardinm
med. vu\, jitle. fliid.. The heavt was normal (0 size, but 1he veins on is
5 the sercus meiboane were markedly headed with air, On.
Lifiing it up, it felt like u bladder Half full of water, ond, on making pressure
1o raise it, was heard to gurgle londly, and o quantity of. black ﬁ‘f\i}m blood
Howad fmm the #inuses at the baso of the skull On apening the right
ventricle alr came.out with & puff, and o small quantity of black fothy fuid
blood was still foond, but no trace whatever of any blead clot, . The lefs side
of the hesrt wag empty, Al the vaﬁw ware. gerieeily healthy. :
On opening the shdomen, the swall vessels of the meseniery at the
attachment to the gut were fmmfi {0 br\ Ru} mih air.  The Hver was ver

E &
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dark coloured and engovged, and on seetion the cut smface exuded sach a
Jurge quantity of froth that it gave the impression that portivaz of the Hver
e EQEH foot in water, but on tnal they sank lmmediately.  The spleen was

i L of a globulay shape, 2% joches in thickosss. Tt wag
md eontained dark bloed and air; the Iatter not to the same extent

r o6 is.a:;Ln tlssue in the subentaneous fai of the abdomen snd wnderneath
e also contained small bubbles of vir

pay discl that all los orgass were he
rmal condition was the prosence

the hears

. On a previeus afferncon a man, T, age. 22, AB., went down in
slrongd the same '1«‘;}& viz., 23 fathoms., He took s«,axmnmw i gb down,
was n the botlom for 2 22 minutes, and took 18 minetes o come up; being
only 22 minutes on the botiom 10 the other’s 40, L Dikewise, suffered 1o
GO VBRICce when dnwn, md was qut@ well on '*‘whsnff the surface, but,
unl other mag, he remained jn good healih,

g 11 1 from & photograph showing the appearances preses nted by the
voins of a goat killed by rapid (E‘(,umpxe on from HO The, pressure (vorres-
sonding (o 39 fathoms), in the steel chamber at the Lister Imstitute, The
apimal fdl over unconscious shortly after the pressure was reduced to normal.

Figurve 12, fram o section prepared hy Licutenamt Damant, and kindly
photographed for ws by Dr. Coventon, of Oxford, shows the appewrances
prescited by the spinal cord of o goat after denih by sudden daconipression
from a hugh prkum '
Unforrunately, the records of other fatal cases which have vecurred {u the
Hoyal Navy ém\'ﬂ been so ms,owpie,ffs ag to be of Hitle service in vconnection

fthy and that the
o in darge quontities in the
and in the whols venous g__;g,g__p_;,

pri m,s;ni
vight sade of

5.

s-sargeon LW, Basset-
LN ;e:n"c% 4 viv 1{3. account of ihe dangers o which peuri divers in
) £T Are eXposed i~
“While on board HMSE, " Pengnuin,” emploved in swveving o part of the
norti-wet md% of Australia, u‘hi(h was then an important centre of the
. fishery, enses of £ divers T paralysis cume wnder my notice now and
then. fi“?'w }urf}.{erm contatn about six men, mostly Japanese, oeessionally
Fuoropeans, and are accompanied by a schooner which acts a8 a store oud
bospital ship. Al the work is done in diving dress in depibs of from 10 to
25 fnthoms, the peviod of submersion baing often 4 or B hourk Cages of
slight paralysis were conunei, coming on suds mnlv on removal of the dress, but
HENER 3&3& recovering non‘g}iei aly.  The f')ii@mﬂg ig the WOTSE Casy I saw 3o
8 Japonsse g@d bout 30, Flad been working in 32 fathows
considered 1o be a dm:zgemua depil) about three wesks ago ; imumeds
on removal of the dress he became paralysed, and has bem S0 ever since.
His condition was one of great emaciation, Dree fram pain, bat very
apaths ’Es*mpmglmrv 1037 ; pulse 1¥0; tougue furred; omplete
© paraplegia with loss of control of bladder and rectum, and loss of senssiion
to the level of the wwhilious. There was 8 large desp bodsore aver ihe
sacrarg, extending from the tuber kelii o either side to the crest of the
Hing &i?(}h, with a thick, black, extremely ofiensive slough partinily
fotac hf d. It had eaten thy au;,}: skin, fascin, and gintens raximus, and
wposed the bone”  (He died three days lnter) §)

“ '.?.'i.ze mate attending on him said that he had heen as bad himself with
bedbsores and paralysis for & months,  He now walks with a Hmp, but
wuscular pover is fwir and tissues firm, kneejerks increased. He said that a
very bad sign is o Jocalised swelling of the abdomen, from which, if allowed
o get vader the ribs, dmth is certamn, and that they apply any pressure to
keep i down, even siton it probably o paralyvsis of intestinal muscles and

collection of Hajus, T E;{N‘ in charge told me that they tried to prevent men
irom '”;mff down over 20 fathoms, Dub s tho v are paid by results, it is very
Lirgle use,

For further giptfu{, L and for a discussion of ather theories which have heen
apsucoessiully put forward to explain caisson diseasve, snd which siill some-
s re-appenr it medical Hterature, we must refer to Pacl Bert’s hooks 10 a
Jarge aud most valuable treatise recently published by Heller, Mager, and

¥ Laneoe, ., 1382, page 309,
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von Behrdtter,” and fo the papers of Dr. Leonard Hil, FRE, and his
a‘fﬁi@‘ et szau'tce gy also be made Do sSoell’s book, Casson
_,Luz}dop 1806, to Dr, Haldane's article on the subject af page 41 of
o Tri-bock af {’}ar?na(,;)éoug and Therapeuies, edited “%w Dr. Hale White,
1801, and 1o Der S fiw,?’swj m deor Prophylaxe und Therapie dor Lafidruck:-
é?!u’“t"?’i:?ie qeu 8 b, J8OU, by von Nohrdtter.
i iﬁf‘(,{}z‘{; hression 1o 0ot seem to have been the main actual
_gfima-w.zted the prosecution of diving in very deep water,
sion, of which we have disonssed the eawses snd prevention
I, hos probably besn the chief T:*m{irunr:fz How very great, never-
*na riwiw of ?\qnd decomnpression are, is abundantly shown by the
: s, 18wt out in the books and papers quotad,
\tduv © to show thy i i different mdxvzthmi ﬂ'"(‘-
4 ogiven yate

.?. here 18 .mmi
arising from doom
i t‘m‘- Wne press varies vory considersbly, ;

ienlezly in the case of workers v <41mur1~> cmd xaah iquivm
of the East Hiver }rmm,i ab ] for insts

teedd mot ondy to medieal Hnation, ?mt {iiwu 0 a pr eizm @
e 0 compressed air, be ?ow helng engaged ; and these who sxper ience
aptoms in the ploinnmnw teat are exclud i the case alzo of
riu’f‘n variahilii sptibility wourld seem 0 exisd, some mon appo u‘izl},{
to be mmune from symptoms nnder eonditions where other men are affeoted.
In ot PKpf‘ﬂmﬁ'[?{.@ ab the Lizter -{I‘%i'ii‘id". f'}r %{}«w;f,z and Lientepant
famant wade the sams obrerca : strpe of the
animals being relstively imnxume,  (Sze !\p‘:\r o

For this reason, the faet that one diver }
decompression symptoms, under certain itiong, does not prove that othe
men would be egually fmmene ; and we think that 8 considerable mar
ﬂa'“*v i d # beyond whas would seen to have proved safe in individs
: ; reover, susceptibility o decompression symploms has been
shown to inerease after middle ¢ age iz T ;-m.u:d.j it sesms desirable that men
hiey md 20 }mdl(} not wdertake deep div
e Comnmis h T"ﬂ:apﬁt G
10 h p;t‘é"&iiiluilb that w diver not speclally nmunve o decompression
s could both bave thne 10 do wsefol work at the hotiorn, und he abls
71 with safety to surface,
> are two methods of sec aring safety o decompression. One ds o
;'E‘Q;E, the thme darieg which the diver is esposed to high pressure: and the
ther 13 1o bring hrm wp very slowly.

v deap riwmfr the first method is chiefly used—if coly for the renson
diver cannot stay below on acconnt ol the distress caused by the
sanre,  in dwmgr for pearls and sponges ab gread depths, it appears
163 bt“ the practice for the diver to sink rapidly o the bottom, remuin there
for 2 er 3 mingtes, and then come rapidly 1o the surface. When the

; sank in 32 fathoms off Patvas, in the Mediterranenn, in
f, several Ureek and Swedish divers desconded vepeatedly in ovder w
esatuine the hull, w0 as 0 clear up the canse of the sudden dma o7
‘They were able to get down for 3 or 4 minutes st a timws, and o 1
pidly, without accident, although they did not succeed in ihed
u.-lj"‘{'i "E‘hey were usaally about ) wientes wnder water. The depth

{(whout 52 fathoms) iz the greatest to which we have been able to find any
;i divu._' j}a,st{*bi‘di?nf“ safely.  The other case in which this depth
proved faml to the diver, as alvendy wtated
“f*?u“in'zith 5 paper,  Another divor, who 18 reported to
e e &(i 1, perished on returning o the surface.

A remarks \ﬁiEo se of tmmunity from symploms, in spite of relatively rapid

| 108, ® 49 r}m of the Ce—jﬂb}(szni (11"5,, .-“1 ?.e};zi-n der Lambert.  Megsrs.

risk

“han ri are

edly oscaped sari

.

o‘f fmi i ‘!? a di}pih of 27 mﬂm*ns, he descended 32 times—usaally twice, and

* Heller, Mager, and von Selwditor, Lufidrwk }'T{’ﬁi"t},?i;!{?é?!???, Vienna, 1800 {2 volumes)

- Hill amt Masleod, © Crisson Disesse svd Divers” Paky,” Jowrwad of Hyjpiene, 1003, page
s Frac, Rogmi Sociveg, Vol 70, puge 453, 19038 dournal af Physiology, Vel
A58, 1603 M and B, Jmomf'Z u;‘ Physinlopy, Yol 33, page vi, 1805 Ml .md
wood, Proe, Koy gl Soziety, B, Vol TT, puge 432, 1908, _
¢ v, . -
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sotnetimes thrice per day. -He staved 20 to 25 wminules. below, teck 2 w0
£ ]
i %.Ilii}. LT

« 1 descending, and only 4 t6 .5 in sscending. In his Jast

» unfortunately &*mmé down Tor 45 mwinntes, and. about hatf an hour
nding he became comyletely paralysed 1o the lower part of his
from this attack he never completely recovered. His dmmumity
ohm* 4 or 5 minutes speni in ior,urn;;zm.. on, 1m spite of a stay of
- wites on the bottont, wos nevertheless very remarkable.

.‘ma;ih{i equally rewarkable vecord is rhat of Hrosterbe, employed by the
e firke,  He succeeded 1w miuf};ﬁ a guantity of silver at the gread depil
£ 20 to 30 fathoms. Dhurlug ths work ’1&:-% made abont 70 4 without
imjnry. his vime below water from the swrk and bdf‘"\ }'}t m% B i ii‘,’ Lmited
) in tea, and In sy 15 ninutes. He ot :
losoerid, and obhout 3 minuies fo cowne w; 0 E_n. }m wag on bhe o
abour 8 to 13 mmu‘ic Cooone ocossion he remained wnder wat
443 munutes, and o @1;‘? 15 minutes after refurning he becsros very i s

at pain,  Tlis condition seemed s0 serious that the Last Sacrar
wtered #0 him The skin of his legs, amms, and shouider
k fromn extravasations of blood, Il was quite well again a wee
continued his work, '
Y’» fien the perio fl of exposure fo bigh pressure ds lbmited o 8 short tine,

5 u«"i and 1t ave not tine 1o beeome saturatad with nitrogen as the
urs, ud ihe visk of bubbles being formed on decorapression is thus

Wi
Yy };ﬁ L

Lx; rience in CAlREONE PrOVos that even afier an howr the iissues are not
completely saturated, since the yisks on decompression are very much less
thas after two. or more hours, Persoms remaining under pi‘e‘:%%'a'z‘f;.«' up to
35 ths. {13 fathoms of ses-water) for an hour asre seldom affected seriovsly
on da .fs':apreﬁs:i,n provided this 1z not very “apul Az the pressurs increases
lwwever, the period of cxposure hns 1o be much vednced to seowre suafoly By
shoriness of exposire only ; and at 50 fathoms 10 rminutes exposure would
certainly he dung{omu with voary mapid decompression, as w that time the
hlood and part of the tissues would have time to become sufficiently satuvated
to give rise 10 GOl ié‘i.’(az}ié"ﬂ risk.

The second method, which has been strongly recommended by Paul Bert
and adl others who have worked {;‘:{pf,x-i";;miaﬂ\ at the subject, has besu 'Zm
g employed by divers doing serious work in very if ap water, although

nsnally also f‘f}Liiﬂb theiv wfm* on the hottom to a short period, such as
> 20 H‘nm‘m..

:’]}5—3 2

Siebe, Gorman & Cols divers, A. Hriggs, selving ‘fﬁ}d
bo 1 ot a dep 7% fathoms, made 12 dives, dzm,ur mle@:a of which b {
aboul 12 minnt the wroek, and ocenpied aboat 10 minutes in fifw\f* suimg_‘
and 12 minutes in ascending.  Anol diver, Rayfleld, we : z?.*_; fo
}0 fathoms In Loch Long, taking 15 mi e‘ﬁd ami
i At the same place, Diver W, Il Wal
) 28 fathoras, and took about 20 minates to ase
mbntes every D oor & fathoms,  He had proviously 'W(.srkef.i fwo gh

months continuously in 23 fathoms of water in o well u Le
wdhing half an howr on Fh{‘ bf} forn ot work, and faking 20 to 25 mi
¢ hght work at 23, 5
a well 1o Leadon, »@0&1! 20 puwtes o the bottom and came up m
yimutes.  Ina subsequent pisce of wark at Datchet ¥ ."istam\ or}m-, in 160 feet
'-“u:z;_, he wis seized with © pressare 7 in the legs anc i
| for 45 minutes ab e botton, aned comung ap i D omi inutes.
a paisson, workers exposed for several hours to prossures exg
aboni ?32 Ibs. per square inch slow decompression is essential.

sl s, however, there i3 much divergence of egmmm, w,a,h

corresponding TEneos in pe sotice,  As a vesult of hés experiments Paual
Bert conclodad that at least 12 painietes per atmosphere (147 1bs, oy 83 foet
oy i{?mei.sm of sesswaier) should be allowed (2{‘&‘15’2’1133(‘:"3“%101@ from high
Hellar L},g,t‘, and vou Sehritter mnend 28 woinntes for vach
e, snd Hill and Macleod make pric cthe same recoramendation
wes exceeding 30 s (11 fathows), o the recent expsriments of
T and Greenwoeod, the latter went in 55 minutes 10 & pressure of 82 lbs,
mi{s alent to 208 feer of sea-water, and was then decompressed.in 23 horrs
at 8 vate of about 20 minutes per atmosphers  In spite of this he m{i attacks

iey i e

H 1;0 want

ascending. Another diver, Mayeock, dun
in

-

=7
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pan in both arms after decompression,  In other sxperiments Ml and
Greenwood went to 75 Ibs. pressure, snd were decompressed at abont B0
- migutes per atmosphere of pressure, or 1} hours in il On seversgl occasions
hoy experienced localized pain after decomprassion, and found that these
yraptoms were absent when care was taken fo move the joints and swseles
duripg decomypression, and massage the skin.  They were Iying down in
the chamber during these experiments, - o

. The engiuesring practice In comnecion with work s calssons and tunpels
bas nearly slways hitherto been to decorapress the men much move rapidly ;
andt even when strict regulatione have been laid down by the cughieers for
stower decowpression the reguiations hove frequently been discheved by ihe
men, o mention s on, quoted by Pawd

i

iking mmstanees of rapid decompres
Bort, the wen were regularly decompressed in 10 ssconds from the calssona
used Jn building the bridge at Beorfl, in France, the depth reached being
0 feet (204 Tos. per square inch) i one caisson, and 40 feet in the other.
There were only 2 deaths and 14 other serious cases, althongh the number
ves of men through the aivlock was 8042, Decompression in

g ioutes from s pressure vieing to 38 Tbs. (84 feel of water) would scem
i have been the practice in building the bridge over the Seise ot Argentend),
andd 3o deaths appear (o hnve ocemrrad. Dro Fole¥, whoe revorted un the
offect produced on the men, recommended rapid decompression.  The
remarkable advice he gave to the men passing through the alrdoek was
o5t le brouillsrd epain ef glacial qui ne mangue pas de se produire vous
“ penetre trop, hdtez-vous” A still more striking case was that of the bridge
over the Misstesippe sl B4 Lowis, begun in 1868, the depih when rock wa
' ibs pevsquare inchy  Asshe depthincreased

r

gnaliy reached bergg 110 feei {48
the length of shiffowes apradually reduced from 4 houes 0 one. Ong of
352 men eraploved, 12 were killed and 18 serivusly injnred—a surprisingly
small number, ronsidening. thay the wen are said 1o have been decomprossed
i3 o4 minutes, The dostor in charge, who wos unawars of the real cause
of caisson diseass, was humselt alfected by paralysis after staving 28 hours
ab a pressure of 00 feet of water, but recovered completely, There were no
mare fatal eases when the length of shifi was reduced to one hour, and none
among the many vistiors, including Jadies, who were in the caisson for shori
periods, evan ab the grestest depth reached.

These facts will be no surprise to those who are acguainted with practieal
hving.  Divers fremqmently come up. in 8 or 4 minutes from depths of
15 fathoms or more without ili-effects, although accidents necasionaily happen.
The comparatively short Sme vnder bigh pressmwe i greatly in a diver's
favour; and if this time be soflicienily reduced, 5 diver con safely ssceond
within one minate from even 25 fathores or probably much more, :

In vevent times more care has been taken as regards decompression in the
case of wovkers In ceissons and funpels, but although the rivks have in this
and other ways been greauly reduced they have not besn ohvisted. The
mest extensive nnderfaking at present being carried out with the use of
compressed air % the double funnel ander the Bast River ar New Yurk,
About 120 men are emploved in one iuee-hour shift daily at a prossurs of
% ths. {eorresponding to 76 feet, or 124 fathows of sea-water) Through the
eourtosy of Messrs, 8. Pearson and Son, L4d., Westminster, the contractors, we
have been supplied with nformation s to the number of cases of both slight
and serious afisctions ameong the men.  These have been carefully recorded by
Dr. ¥ 8. Keays, medieal direstor appobnted by the fim. - During the 4 months
from April Ief 10 August lst of this vear the cases have been as follows -

“Mild cases " (fomporary pains in the Hubs, &) e Bis
" Hevere cases i ' ' S - '
Phznmess - e e T -y
Abdominal pain e - - 91
Faip and prostragion - T

i

Purgial paralysis =~ -~ B . i
Complote paralysis (iow mserly well) < - -
Deathe - - R - < 4
Cue of the deaths was in the case of a lnck-ender,. who, eonirery o
regulations, decompressed imself rapidly through the muddock.  The time

normally allowed fov decompression was 15 minotés. . All seriong cases gre
Fg
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wherever possible, at once, and neaﬁy abways with marked success,
i medioal alr- ZD{‘:{ the use of which was first introduced by M. E.

Mo, : s, Pearson and Hon, Lid,, many years ago, and is now
Feng 1he mo;m{ v {noglesting the mud: Joek case) is at Lh= rate of one
death per 15,000 d-‘,{‘ﬂ‘mph‘rsaéf}‘f}:-‘ &1 xrrmi, improvement on the older statistics
: ii’.il" woras of this kind. Further effarts ave, however, now being wude by the
irs to eliminate the rigk to lifs, since they have been disnppointed
espectation that the precautions alresdy wiroduced would fulfl

P._ fon deseribing the prﬂcm ions actually adopted i the deep diving
N Ay ;ent-; cactied out for the CUommittee by Licutenant Damant and
Mr, Catto, it ie necessary fo diseuss fn more detall the processes doowrring
in the mdv during exposure to compressed 2ir and during decomprassion.
Ahsence of a careful consideration of these procosses has, we think, led o
many misiakes in the practice hitherto adopied,

There is every reason fo beliove, although experimental evidense on the
snbiject Is noi yeb complete, that the blood passing t‘ilz‘f:t‘,&,h the hangs becomes
] v saturated or desaturated o the exact v\wut of the pressure of the
i in the alr breathed.  Whatever, therefore, the pressure of nitrogen

¢ hreathed may be Jf a given wioment, the nitrogen preszure in the
avterinlised Llood leaving. the im;m: will he oxactly the same. During
'f;‘rr;'gm ion, as a diver goes down, the blood Jeavi g his lungs will always
be charged with diswluid m{rug’ 1 Ijif‘ai ortion if} 11"1 g&ham M‘ prossure of
the air be is breathis Y7 aboub
147 poundds per sguar m{,h or 33 fent f}f »-smnm’rer piw fhe pressure
of the water. The same will hold for dee (3151}}1“«%10:1 5 hv eowses up, and
since the arterial blood lenves the rli’if""i"’b within balf o minuts at most,
and bubbles searcely seems to fonu withie this fhae, %:he‘ze will be no risk of
bubbles actnally forming in the avterial blood dering decompression, except
en it s almost mstantaneous.  With very rapid {}»}comp‘s‘mion however,
siall bubbles which have passed through the eapillaries of the lungs may
sanily increase n size in the arieries.
1L she nitrogen in only the blood had o be taken imto consideration, the
problem of safe decompression would be sastly sotved,  The welghy of Blood
o healthy men, which bas vecsntly been menswred by Haldane anri Lovrain
Smith,” averages 478 ;snl cent. of the vody wmgﬁf}@ so that & man of 70 kzioa
or 11 stone, will have 372 Ttves or 3+6 pinis of blood. T}:ﬂ tine which the
Blood wqé:ncs to compt é“ix a round of the circulation in man is nf)i, definitely
known, and cevtainly varigs t‘i‘%\{ttf“lak)gv for different parts of the u(}di,
aecording 1o the varving physiological requirements of different tswoes or
orgass.  We ean, however, form o vough idea of the average time required.
The average venons Blood vetu g o S 1hee right side of the heart has been
ound 1 animals to have lost about 6 to & per sent. by velume of its oxygen,
while the aiv breathed loses (in man)ebout 4 per cont. by volume of its Qxygﬂn.
Agsuming, therefore, that net much oxygen s 11\;mmfiiv nsed up in the lungs
‘hm%eivm, we may conclude that the voluxe of blood passing shrongh the
Tungs is abous half the volume of air breathed. ’l‘he volume of alr breathed
per minnie uu*mfr rest by a novmal average man iy, however, about 7 litres
per minnie (measured dry at 0 CLand 760 mm ). [ imw the iﬂmiuzeu}camlg
ie abowt 3°B litres por minute. Roughly speaking, therefore, a quontily ol
blood a»quzvfﬁmz 10 the whole blood volume will, on an average, pass round
he ailon onee 2 minube during rest. if, f therefore, noly the Blood had
10 i‘.}ﬁ comsidered, as has ofien bees}, assumed, we m ;gh conclude that the
whele of 15 woold be saturated, or mearly saturated, with nitrogen after
exposure of 2 minute or two fo a given pressure of nitrogen i the alr, and
that the damgm‘ of nifrogen bubbies forming 1o the 1 Ou‘é would cense o
minuie or fwo x\-f'i"or sudden decompression.

The actual conditions are, however, far more emnp‘iox ‘biIle we have to
ron“if'ifﬁr uot only the excess of nitrogen in the blood, bul alse the excess in
Just 2& in the Jungs the nitrogen pressure of the blood becomes
Jon equal o that of the air, so in the tissues of ths body a similar

L3

* Jouraal of Phesiclogu, Vi, 25, page 831, 1900, The scoursey of the methed employed
by Halinze asd Loveain Smith has reornely been verified u animals by Dougles, WJourasl af
Paysiologr, ‘m 33, page 488, 1903, .
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isation process tekes place, by diffusion throngh the thin walls of the
.S-I‘if-.‘%; snd the venous Blood Jeaving the capillary vessels of the ilasues
ef.‘n«nw;ue*xilv have shout the same nifrogen pressure as fhe tssues

tves,  Thus In the case of # map exg;uaﬂ? ta high "‘!“*{“.;‘i-«‘«‘ii?‘ > the
nitrogen pressire o i the venous blood will not hecome fqm] to f}u‘. of the s
hie tissues have also become saturated. Now ihe mass of the whele
100
c Ay
unit weight of f({gi-iiég wp nitragen o solution s probably nearly as great as
that of the blood. Hence It will take a very congiderable time fo saturate the
BESTHE e hody with vitrogen in compressed dih or desaburale them on
le wession.  The process will a 8 very lngering ¢ gince the
idood veill at cach yound of the cirenlation 3 eld Tems and foss nitrogen to the
tHistes, OF vice versd, so that the point of comple suration or desaturation
wiil form an asympfotic Hmii.

Tt us assume, for purposes of ealenlation, that the blood distribntes Haelf
eveply all over ihs hody, md hat the person is at rest, and is suddendy placed
in compressed air. In the st round of the cireulation {ie., in r?m firs,
vrinute; the tissues (since they havo 20 times the mass of the blood) and

= abont 20 timex the mass of the blood ) and itz <:f;1pa<:-é'!}y naT

1

vinong Blood will beeome about } {} v B opey conk, saburaled with fhe excess

of nitrogen Nhif‘i world oorvespond to complete saturation.  The sscond
5 "') 5
m@ RTEY

minnie will add , or 47 per cend.; the third will add

LI kL
100~ 7100

= 473 per cent. Thus i O wmioutes the fissues

‘}U 25
100

and the #fih

= 405 per cent, ; the fomth will add

i &E':}
}{}(} . 1()1)

witl have hecome satnrated to the extent of H°0 -+ 4775 - 3ok 4ol
= 22065 per cent. of the a%;i}r vonece hetween wn,u,;n fion st az,nognicnt, pzf B
and at he pressure ol the compressed wnir Iu the next & roinutes the

. .
addition will evideutly be = 22785 :i'{}'e"_:} G;; T
Ao . o
same difference, and in the next, 22760 x e '}isf{s AR = 1378 per
cent, Thus in a quarter of an hour the tissnes will have reached 3377 per
cent. of the difference. J king, we may say thai in a quarter of
an howr the process of satwy ne half way: in ball an hour
thaee ::“os the of the way, fhrm'- <§ By tf, an hour §the of the way, and in
an howr $3ths of the way. Thtm }if the aesumption that the blood distributes
itseld evonly were correct we ie : o dind that after an hour i..l*:{e-
tissnes and venons blood of & wan pigawii i corppressed alr at 32 hs pressure
wordd be saturated to 30 Tbs.
Actually, however, the rate of aver: safuration will not bhe =0 greal,
The blood in certalnly not evenly distzibuted throughoui the body. Some
parts, such as the grey matim of the central nervous system, and the wuscles
and glands during a.oi‘nnf‘sn have o far greater blood supply than other pares,
aueh as the connective fisst j’%? *‘«km joinis, white nervous m&-t?er, & The
parts plentifully suppiled wzrh iood will therefore saturak > up rapidly, and
cease o ¢ take more, while the parts scaniily supplied will w.lt,u'ra“' slowly, so
that in many paris of the body the tissues and venous i;i soscd wtii nod be mors
’ljiuﬂ ﬁ;.;.a::}—qz.m e sadu 1£de, or even hall saturated, alter an hour. On this
po int our kmowledge is as yet very incomplete, hut soime ideas can be formed
from practical experience in connechion with work in compressed wir. It
seeme porfectly clear from the experience of workers in caissons and tunpels
that, other things being equal, the probability of heunds, d&c. aocurring is very
b dess if the duration of exposure i compressad alr is confined to ane
hour. As to longer periods of exposure, Mr. KW, Moir, who hag bad very
grest esperience on tojs subject, ndorms wy that be i« confident from his
nbservations thai o limitation of the expomure 6 ever > hours distinotly
sinizhes the risk of “bends,” as compared with _u.. 5 honrs' exposure,
The recent o?sfsei“\-‘aﬁic?m of Mr. (. W, M. Boyeoitt m connection - with the
sabsgon work for the mew Iigh Level Bridge st Newcastle (Proc, Ingl, of
o3

1906 per cent. of the

fasey
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s Ingineers, Vol CLEV, page 231, ha point i the same dirsction.
s ray therelore sonclude fhat even «»s{%@r 3 hours of work in compressed
sy some- parts of the body are nob fully saturated with wnitrogen, and that
these parts are nol more than hall saturated after one honr's exposars.

;,;w ws now consider the provess of desaturasvion during and after decom-
1¢ the pressure wers Juwered suddendy, and no bubbles were
desasurasion of the tissnes and venous hlood wondd ccour o
vate as saturation. I the blood weve svenly distributed. about
t. of the excess of nitrogen wonld disgppear in b mumuier, aad
wer cent. in 15 minwtes.  If the pressure had been 30 ibs, o
o5, there would be no poseihility of bui‘ﬁ}ieﬁ ‘iorm;m or ineroas
{} i m*f@m suzte ifm a,r}mbmefi }'_;‘l ‘sf ni i’mcr(,n {‘.‘.{}-,-,

0 oy, ie Hnmi i nob :
b t‘fﬂ"e th:-x pomi‘ is reached in the e of s
al experience agyees VM; ;"1;-: pxpectits on, gince the
as “heads 7 and “serews” (pabns o the jon :;m,d Xt
;  in intensity, several henrs after dec
& %o compressed air has been mmzde 1?}1{,
ft is evident that if the alr-pressu Tewered graduaily and evenly
nitrogen pressure in the fesues raust lag further and fuxt her behind the fal
i the pressure of the air, however alow the decompression may be.  Lef us
nestme that the blood and tesues are sururated at 40 Ibs. pressute, that
*z,i # pressure i lowered b the wate of ¥ s per munate fmm fs}i I8, § m\}
at the blood is evenly distributed tlwonghant the budy,
’} minutes the alr-prassire will be 30 lbs, and during these B rminn
avarnge pressure will have been 25 1bs, irw nitrogen pressute in the i

will o have fallen about 225 per cent., or say 20 pur o«\m ot *’w riz
hetwean 35 and 40 1bs, I weill *?..z:}ff..t.;rw COTTEsT ton ahoa
pressure of 33 tha, of air, or 8 Ibe. above the actual preé:sur & r;f the & L'r.‘. Alver
ihe noxt 5 minwes the air cpressare will be 20 bs, while the nibrogen
gy L G :

. . : ; 28 oy .
pressure in the tissnes will correspond to 34 — —— Yoz 362 s of sy, or

tunl pressure of the alr. After the sext § minules
the excess in the tissnes will be 2178 by, ; and when stmospherie p'i ire 18
roached it will he 2675 s, coviainly o dangorous excess, With the actus
Lload distribution in the bving body this excess will of course be
arester in the case of some ports of the ‘@‘s v, and much jess in the case
others. For example, in the case of % sich reguited an hour (o beconw
": zlf Lzafnz vied in the cormpressed air, snd a correspondingly long time o mwu
uration, the excess would be Ji} s
- have now fo consider the
decumpression.  DXperience $esins
decompression therg is }31’3{:&;:;3,2.13‘ po risk of syraptores from bubblos bemg
liberated unless the alr-pressure excesds (}3}0&{ 20 Ths., and that sven with
2% lbs., symptome are Dot eommon, thongh with higém pressures  She
“.“iii v YETy I 1pvﬁv increakes, and becomes very marked when a prossure of
Yt therefore veuws fairly sale o assume that practioably
;lhi;;f,u (.L all are libevated by the Blood and tissnes unless the pressure
1 15 1be., or one atmosphere ahove atmospheric pressure. Now
ome of gus 03 srable of Being liberated on decompression lo any givén
e b the same i 4 %m rfﬂ’f}..-ﬁ ¢ diminntion of pressure same.  Vhus
Twme of gas, i any af all were liberated, wimid be the same on decom-
o fromw 2 afm%phems of ahmolute presswre (15 lbs. pressure by
ane atmosphere (normal pzem‘mh‘}, as 16 would be on iu,o:zhg;mw
4 atmnspheres absolute {45 they o 2 (15 Ibs), or from
s abmolufe (103 Ths. progsn vp, or 554 fathoms of sea~water) to 4
2 fathorast 14 therefors seemed very probable that there will
be no appreeisble Liberation of bubbles with any of thése prossurs-ciminu-
m a3, even when sudden. A nomber of experiments onan imads, made by
?30%{}1, and qute ant Damsnt in the steel chamber at the Lister
Tnsiitute, have, so far, borne oub this hypothesis. Sudden drops of evel
80 }.b”: wrore n several cases cbserved to be folerated with impunity if the
abacluie pressnre was not mors dirainished than w & third, whered® dropy of

162 1bs. above the se

s formation of bubbles during
elearly that even with rm;ml

13
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e uange? of 'i}u?.ﬁ'ﬁw ormation thus appears io depend upon the

difference in relative, sul pot absolale pressure, between the sir sud the
; o disselved m the tissues.  We may therefove provisionally ass

s the complenion of the experimenis ab the Lister Insiitute, thal z?;m
: e mnsl be in the proportion of more than fwu o une bnmr{ bub‘iﬂe
oy appreciably ; and that decompression can be safely procesded with if
the difference s not more than s 1. the proportion of ahout wo to one.

widerable
since in alt probability safe uL‘C{J“{S}‘\ié*‘NiOn can be conducted
erably less exponditore of tune than i s corried oot by watform
don of the alr-pressure, as has be e }miwrm ummiix recominended. It
s (ﬁraﬁ.m LL(‘A Q}mw aim"e ‘m‘ki ziw absali we between the air-
PROgSUIe o rHy goes On In0reas
dar g m:fm; 0 (Ememys-msog ;md is gr Ltw; t the end of the dae: AP
20 that mnﬁ,rm d&“omrar ssion is without the s - doubt an wnsuit
procedire, s hrvey o also take i account that it s the relative
and not the ﬁbsoiute» difference in nitregen prossure that matiers, the angeuit
. of uniform decompression becomes far more evident. In the ¢
pres }{}ugh token as an mstance—uniform decompression n an gindock
ionbes, of o man sabarated  at 40 Ihs—the relative pressures
of each successive 3 nipuies of decompression, evon on the ex
{wvourable assumption that the blood distributes itself ¢ renly throug!
body, mﬁﬂd be, assunung the atmospherie pre to be the
: 4- 36‘-‘"’ i
147 ths, 8y o i O 1-29,
147, 184 B 80, The velative differences of pre,“ wre woulkd thes be in the
pl{}pt}z’hmn of 20, 47, 849, and 180, or ronghly 1, 2:3, 44 $-0, With
uniform decompressicen the risk of bubhle »iorma.‘iir n, tF any, dw thos, as i
were, concentraied in an acute form st the end of decompression.

Practical reswdts fully bear out this theoresical deduction. Such o thing
a6 the oocurrence of sympioms during decompression s, we believe, ﬂdmm
unheard ’L, either among we;r‘iwi‘ i eplseons and innnels or sk
“ On e pale gwen sorfand,” as the nailor was put with characterisiic
neatness by Pol and Watelle, who, 30 years sgo, first gave n detailed
macheal account of the sympioms.

it seems evident that with unifourn decompreskion a great part of the
fime speni in the 15 fime lost, for duwing the ggrmt{,r vars of the
tine spent in unifurm \lt"{‘f,:?’;‘i)i’“{*bmhrii Ihi, difference in prossure d\‘th"x_'l
nmagea in the tssues agd that in the aiv is mich less tham it ;
e wade ) and as a cosequbnee the nilrogen s given off irun( the hings
ek were slowly than would be safely possible,  Jf the absohits ;srf,wma

were reduced wnhoui defay to about half, much time wowld <J}}'!‘?{°'{ ﬂv b
gaved withoat ove rw%@pgnm; the linits of safely. For instance, at 41 1bs.
surve by gwage (92 fed, or 15% fihoms of ses-wats 38 rrmc:s;m}.eemm-
the’ absolute p:@‘e« ure 18 about 56 Ihe, and balf of this s 28 1

By geage, 30 fest of aes-water, ox 179 atmospheres absolute
The prewsure could a.pg;aserx!}x‘ bre refiwee iat onee in the wrdock to
or fim diver be bronght up to 30 feet, or 5 fathoms, withont ris}
s, however I 1 e had been exposed 1o the pregsure,  The rest of

-erzion conld be (‘.tillt,\i cub slowly, and with gradually incredsing
SR Lszﬁu\«‘ph?rw Pressure 18 appres 310*1' the rate being wo oalenlat el
» difference in relative gas-pressure betwesn the air and Cany park of
wes should never exceed # sufe linnr, such, for ins fanee, a3 two to one,
LT U8 {’(‘Lc«ui{“" what this safe rate would: be asstuning that the whole
Iy was saturated with nitrogen ot 41 lbs. pressure, that the blood was
aly dishributed in the body, and thet the dec umpz’o sion was  carried
- gtages of 3 aim Qspheie corresponding o 10 feet for s div
by gauge Eirz an an-iock.  Ftowould be safe to reduece the pressure

' ' nitrogen pressurs in the tissues did not exesed that
: ation. with  air at 176 X 9 = 3°9 &’iihi’ibé}}}{‘ snd
s podnt, calevlating o hwe been done above, wonld be reached in “about
inites, 5o that the diver might then covee up 10 foet, ov the pressure in
the atr-lock Be lot down 43 1bs,  Before the next stage the nitrogen pressure

o4

The practical dedvetions from  these conchwsions are of oo
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in the wssues wonld requive to fall to 1°3 3 2 = 2°6 stmospheres, which
wonld ccoupy about 13 miuutes; and before the next, or z’i'nza'i, stage, the
con pressure i the tissues w onld have to Rl to 1 X 2 = 9 2 atmospheres,

h about 13 minates would be needed,  Thue 31 minntes in all world
As, however, the blood 35 not evenly distributed, in consequonce
¢ some parts of the body must take at least four tumss 83 long o
ns hos }';J:‘f been asswed, the time calenlsted as ai{mu ie, for
devompression must be correspondingly extended, so that at lesst 4 431 = 124
wrnnies will be actually needed n a;ld‘i b0 prevent sYropioms ooourting, or
about 100 minutes if we assame that it is safe to sseend to surface when the
wiaxinnan nitrogen pressure i the tissues does not exceed about Z°% atimo-
heves, or 18 1hs, by gauge. 8o fur ss ihey go, the expevimenis on goats
sorne out this calewlation, sinee they m 2 éearuf ghown mai & docoms
vate based on the assmnption thut the hlood distribuies iteell evenly
m ths hnfi}; is wnsale, Practieal experience in eonnecsion with caisson aund
1 work points clearly the same divection.  The caloulation shows
even with stage-decomnpression sbout at hour and a guarier at least
! be needed for the ’aaia decompression of 8 man whose body was
satarated at a pi“ ssuve of 35 Ihe.  The numsious cases of calsson disense
which oceny when enly 15 or 30 minutes are allowed for decompression after
a shify of seversl ho-\xzi.-s' "*uar;vn al this pressure sre therefore just what
wmight be expected.  In the caisson work connected with the construction of
Bew locks, &, on the ?*awbe C&r al &L \n%dfﬂ, a8 fEP{fox ipression rabe of
1. per roinute was {.iinp i i sre,  In
of this and other pre o disease,
Glier, tu ihe

: o3, ‘ihozo wi mam cases of ca
inclnding two deaths, -: regerded 335 Heller, Mager, and von Schs
hook &iruld}* vefarred to.
A ealenlation similay o the abuve will show that It would take, at the
, abont 3 hours to decompress salely a man whose body was saturated
at ¢ pressures of 3 fathoms, or 80 s, With unifonmn decomprassion the time
needed would probably be much longer. Such long periods of deson npression
as an hour or more may be practies Be in connection with work in calsIons,
pmuels, &f‘ hut m;’r m t’zw case of diving under cedinwy conditions. 18 1
| = 156 i P stay of a diver on ihe bottom
f; the dﬁ'ptﬁ ii-\bé"?d% a"";onf 'i i} or 11 Jathoms. o give a diver at the swmpe
tine a sufllelant Hime ko earry oub serious work it is also, hom VET, HEOESEATY
Lo Lllu* pmpeA precautions in deconipression. Even with caisson workers al
pressures exeeeding about 30 Ibs., 3t i3 desirable to combine limitation of the
period of continuous exposure with precautions in decompression,

The slow desaturation rate in some party of the hody explains what is
pcz’h“ s il first sight & puszling phenomenon in counection with decompres-
oy These sympt o sometimes develop, or increase in infensity
{st least in the case of sunuel or caisson workers, who have been long {‘Ag}(}"af.,‘{i
fo pressurs) severad hours alter decompression : st a tine, that is to say, when
the formation of fresh tmbblex could not be expocted to ocour ac Admﬂ" 6
the foregoing caleulations.  In such coses it is probable that what has rmﬁ‘r‘
geowrred, is that ba §3b§<>cs formed o di"t WPLEssion, OF 8OOL afterwards, have
goadually increased i size until § have produced svioptoms, A bubbls
once formed in any pars of the body-—dor instance, in or abowy a joint-—will
continne bo lncroase fu size so long as the gas-pressure in the swerounding
tissie exceeda the atmosphenic pressure. By extending the ealenlation given
e it will, however, be found that the gas-pressare 1o o; the tisguss
may easily coufinue to excoed the mmabpavrw presgure for 3 or 4 houwrs

ity vapid decompression, so that durivg all this thwe sympiams nwy
develop or slse increase in intensity. Even “when syanptonis ooour soon afte)
ession, it is probable that senall Lubbles formed almost at once have
2y dine to dncrease iy size oa d langerons extent, and that thus fact
goes far to explain the lengih of the interval hetween iee::;m;_,«remmx anid the
appesrance of SYmplonss,

Aozan ab vest, and exposed o an exeess of pressure of 30 fathoms of sea-
water f‘\z) thay for & minates would nol, according to onr pravious caicula-
have his tissues saturated with nitrogen to oove, on an average, than
2 I vr cent. of this PYRERUYE, ¢ €., 10 nob mors than 16 1bs, pregsure—a perfectly
sade 1ok, But a diver exerting himseif, and exposed Jo all probabdility to &
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pressure of C0,, which bv iiself would greatly increase his circulation, mig
easily have some parts of his body, ,«ud T;amcn larly the grey matter of the
cenived nervous syetem, whiel

T b is 80 richly sopplied with hlood, saturated to a
mueh greater extent, so that very rapid decompression, ag by blowing up,
would b risky, W ith every minuwta of further exposure the rigk of rapid
d scompression would inerease ; and this risk would be chiefly due to bu Bire-
maiion in parts richly wuppimé with blood, such as the r*rmtm} HEYVORS
o, and any mauscles specially nsed. The “ bends ”” and * sorews,” which
L common and characteristic syiaptoms among calsson and funnel
mipression, and w bich are pro baliy (iih—* chiefly {0 nitrogen
by harmiessly n conneetive | samiw and nerve
sim to be rowe among divers in deep “ui,_.i_,l"i whz; e chiefly affected
i}‘; pd*".'._.. &, due to L‘lhi}i\-\ in the central nervous system, or sise by
asphysial M’I‘u'pf"iﬁ& due o massive liberation of hubbles into the venons
nystenm, with copsequent bloc E,m%‘ of the cive uiuﬁw; The slowly saturating
ive tissues, &c., heve not had time to become satun ated 1o any
rderable ext

The longer the exposure to very high pressure, the greater, up to o cortain
Bmit, will be the tune needed Jor de:sm&pi&.bluzi i may, howaver, bo
1y ssswed that parts of ‘iho body which becowe rapidle saturated with
n ab high pressars will desnrurate themselves w COrFesporing

during decompression ; also, that if the exposure 1o high pressuee
iemtly curiailed the ports which safurate and e’?ew farate slowly will
e 0 become 'hwhh’ sotuvated durmg the exposure.
v diving cortain practival points are evidently of much fmpurtance
firsg p]aw the diver shonld get down to #he hobtom as suickly as ‘rh(—-
re on tha (it-; ms of his e, » PITESSUTE f*i'}m- rh ess uﬂm{l i, will
it.  While he is d{—wter‘fms;} he 18 m:mw up ¥ 5
voag‘% Ly speaking, he will absorb during fris descent, if 1t is st o wniforo rate,
5 nch nitogen as be would ahsorh during an eq wl tine on the
tom.  Hence time spent in descending s all to the bad. The sdvice
wsuslly given to divers o descend slowly into dnf . water Iz very ungound
(anless, Tndee 4, the alvsupply from the putaps is 8o bad that the diver does
0w whether he ean get down at all) im present Service Munual fov
w yecomnmends, for instance, a rate of descent of 15 minutes for 12
fathoms,  AS this rate a diver would take 41 minutes to get down 25 fathoms ;
and before he tonched bottom hewould already be most dangerously saturated
with nitrogen, A good diver s not troubled by hin esrs,™ and 1f he has
' supply from the momoxnt of submersion his dresy av helmet will
upon him, owing fo coir‘?pr@%mn of the air within the helmet as he
goes down.  Liculenant Damant and Mr. Catto were easily able 1o veach
; at 23 fathoms in 2 minules from bi’mmﬂ down, though they would
ik §3-’ have had to sfop owing o pressure of the dress or pantiag, had their
aiv-supply been fnndequate.

Another equally Important point i to get np out of the very high vressure
as quickly as i safely pessible.  The reasons for concluding that o diver can
Comne up quzr%iv to hall the absolute pressure with safety Tave alve ady been
1 At 12 fathoms the absolute pressure is hall that ar 30 fathoms ; and

fathoms a diver s already oub of wny oy smidable prossure. Lot us
o ihat, instead of coming straight up within 3 or 4 munales o

oms, a diver who has been down for & few minutes st 50 fathoms
wnds at a omiformn rate of 12 fathoms m 15 minum, ag nas been
corarended, It will thus take bim 15 minutes 1o reach 18 § ihﬂf' 5. Thig
is not meraly a waste of thne, Dut exposes hlm 1o ad dmoxta? risk, aboat
m‘fhudismf to w1 extra 15 minutes at 24 lathoms or 12 mipuies ot 30 f&thoim
during which the tiseuss jn at any rate most parts of his body will e
absorbing ity . Thus, supposing he comes up snd goss <mmn ab o4
anlform rate, z.a,hmg shoui 40 minutes each way, and spending 10 mivates
on the botiom. the total period of wpos~nr0 will he ahout f,xg‘m slent to

A

)
Ll

¥l arzd,

sl
-
1

R

# 3f he has catarrt, and consoquent bloo Lm’f uf h!‘s 1‘ nstaching bea he should not siterent
doep dives, or desceud st abl withow th '1 ha GRp- mm.slea :mu 0‘5’ G
weoprtions! to relafive, el not ahsulute for n,a\f' 3 o
mereese in depth ax she diver goos dowa t El}‘m: 4 ;iiva‘r bas to lemm fe l‘«': mam‘sge §.n..'\_=
Fastuebisn tubes, snd aveid all risk of fnjnvy i.{_} his eare,

¢ 40084 G
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24 mimz‘im m QU ﬁﬁ}oms for gomg down, 10 minufes hetually spent at
minutes at 30 fathows in coming up 2 aminntes in
He Wiﬁ ba, 101?;:11 e if he escapes an attsck of paralysis, or asphyxia, or

on coming to the surface. which he will resch in 15 minutes from
ome, and 5 minunies no;s 4 m?hmm tho vafe of ascent at the end
b st dangerously fast

n iiy* f.dmi}. th‘Hit“if OO a,&'{”’?d EN ¥ ir ("—"»i:ar:{{‘on MeKinlay, o
end o 2)

. an ;
i nuies. Hv t&‘f)x
vo B owinutes for the iast 6 f“-i‘.."

sferyed to
homs, E.f

o1 the h ;110111, ﬁ‘m"e 1
10 come up, and plm):ﬁ}iv not, ore {'-‘.
e stage where .amc‘ *iewn;m ezsion i so dangerous.  The sisk he was
..... ome. 'The second mau veferred to im the
g & symaplom, took 24 minotes o go dowy,
\mri camne up in 18 minutes. iy cxposare
o‘xx}.y 11‘:&}01& 10 22 = 344 minuies st 23 fathoms, or o
32 x‘s‘inutes at 243 fathoms, a:; comyparer with 6 sninutes in the other case
s risk was therefore much less, thongh if was cortainly greatly invreased by
his slow descent ,anri probahie too xapui ascent near surfave.

Tn the cage of o diver whose alav o the bottown i deep water Im» he?n
very short, the veasons for hastening not rerely the de
i except the last “Iiv G f\nenr His only tiss
become ab ail hushrv saburs A1l be those which satarate and de
sidly 3 no part of his brody w 122 be i?lh saturated ; and the parls which
turate very slowly will not have teken up sufficient mm}ge;n fe be capable
n%’ :"a\iumw QI able at all on decompression. He can thue be broughi
£ she a’owin‘iﬁ PrOSSIIG 3 avat aven the
Delay ot sny d“pfrf heyond
3 fathoms may only increase his risk ; and delay in {he first half of hi
will gertainly do &0,

We may now degeribe the precantions adopied in conm
Loch Striven “"?(‘Ii?neuh fromt HLE. ®8psrker,” These experiments had
boo main objects. The one already referred tuin Part I was 10 test the
pos I?ﬂizt s of working ot depths up to 20 fathoms, with a sapply of air

".LCEFI“L 0 l‘ﬁ t"'}'} t";f\ f& ‘%«p eRBTTE o the lwhnet within reasonable limits,
1k Em iy ami ddtaqmn v of the pre-
sam ONE pkm,{,.siy {!""1('{\1 OO ' 2 oas beiog
desirable for the pwwm on of eiaa ga,r% o sz t..r._pff‘(_.-:a ton, proci-
tions had been carafully thought ou hetorehand ; and wers detennined upon
parily in view of the - considerations .;t}te nily slise uzs{'{z ¥
a resnit of the sxperbments W the steel ber ap the Lister
by Dr. Boyeoti and Liewtenant Damsnt, and the proviens experis
Pani Bc‘rt Lu‘;. m@ }"Qi‘i n"l 1*'3"03%\’ ;m{'"i ;‘ v fromn s carefal st
o in connection with diving
and Qﬁml work in u)mp;e__ »ummi at erving well on i
pide i we crred st ally and we were under & pieafm o yonr L f}ni»}upk )
allow vo risk to be ron by the officers en rw},gr-{,(, i the axperiments, s¢ far a8
core and foresight could provide aguins
oa tence i both i ‘ZL., f.ﬂ'l{i calsson work scems io show that,
Won s B0t 100 mpzd a man may remain {or an hour at
ibs to the square inch, without risk
end of this Hme parts of the

i

sufely af a uzpni rate i¢ less than hal

hdhuhhl‘f stages oan be grva'h Lastene

.
i3 s.\,b.m.u

don with the

T ¥

{}.l et”“mng 1‘0 J,.,.m{‘\‘nmem p.t. 5 :
iy with susverage blood-supp ag ,-htm*' above, probably be setarated
to abons Hthe with nitogen at { PORE aitrogen in the atr, while
the parts very sparsely mp;;}h\i \mm hiood, kual- s the contective tissues,
Ze., will 5ot be more than about balf safurated, z e., safurated 1o the not at all

formidable pressure of 74 fathoms, or 20 Hw Ul if‘u}atmﬁ i the sarue way,
and allowing for the &

srice In pressure, parts with an averags blicite

supply will probably be half-saturated a-fivr a stay of 15 mihuies ab u pressure
G0 !s)i}h or 80 Iha., while parts very sparsely supplied with blood will
he satnrated to a pressure of 5§ "%i};s}m Some paris, such as the
central nervons eny and museles in oa state of activily, will, on the other
hand, be wmore highly satarsted than parts with an average bic 'f.i»“i}”ppjv
Un the whele, howsver, decor ﬁ}.rl‘{* sston from 20 Hthows aﬁmr 15 minutes
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exposure ought to be abont ax safo ss deconpression from 15 fathoms affer
an hour's exposare.  The experiments on animsls in the sieel chamber were,
go far s 1 went, in accordance with this inference, although unforing ;
0o sakisd ¢ short experiments at high pressutes could be made, on ac
ol the leugth of time necupied in rescling high pressures. We thes
fved upon 15 minutes, including an allowance of bhalf the time {
2 minudes) spenb in going down, and three-forrths of the time spent in (,Onzz.“f;f
ups 0 15 fathoms, s ’z;nmw g;ru bably & qui fimip of thns at 30 fatd \
_i* o i nzaed : i thoms corresponding iivm‘. of
2 hlﬁ O Page 6
5 v had o he allowsd fm
v aehvo mrwiatxun, Mu’%’ as the venirval nervous gyste
- where the cirexlation bad been specially active owing to the w oris
the divers on ths ! ;\,tv nn, waight be nearly saturated with even &
Zposure on the Lotto. was, fﬂ{‘lf‘ft)i'i arranged not to bring the
» less than half the absolute pressure w ithout a pause.  As o further
sgntion the diver. dnring each stop on the way up, kept his arms and
in constant movewent, so as 1o incrense the rate m’ circulation, and so
itate desaturation. The stops and times spent at each stop are shown
> talile. Tt will be seen that for o 38-fathom dive the first step was i
come up 20 fathoms in abouni 4 m.inat{‘q“ This s a reduciion of 54 Ibs,
in the pressure. which would have beon g »isky drop had it been to ntuo-
: presgure, and not 0 3 prossure 4.{} ib._, above it,  The further steps
seadnated with a view o meeting the ncreasing risk from liberation of
but the last step, from 10 feet 1o swrface, was cartainly the one
ad with moab risk, if risk there was.
£ the fivst atop the air«sziyﬁ*iv was diminished to that from one double
o working at s moderate speed. Most of the men working the punaps
s be re?w;*& and it wae considered that a small excess of ¢O, n
he hehnet air would stimudare the diver’s civeslation, and thus help Bim to
got rd af his exita mtzfow n, For a dmilar resson, an excess of (0, while
i e bot ably adds to hig risks by incressing the rate
which he takes wp nitro gen™ ; and this is a lusther reason in favour of a
atifal air-supply at grear depths. An excess of OO, certainly adds also
mm risk by bindering his work, and thus ‘prolonging .§1i£ stay on the

%s a preliminary precaution, before the Loch Striven experimenis both
divers subiected themselves in the stesl chamber af the Lister §mi't.uiﬁ 0
the pressuves which they intended to go to under water, remaining h
DIOs for the time agresd on, and fiw,ompwmmv themselves . a}.to i bhe
manner agreed on. These tesls were very severe, since it tonk about
45 wunutes for the m*npi‘mﬁm to raise the pressure to 80 fbe, (30§ .:-.i.h;m:s
pressure), in eonsequence of which the periods of exposure in the chamber
ab the Inghes?. DYRSIUICS Were virtaally much 3{}1’;0{321}33{1 the times agmend
ot AL the end of ench decompre . the uib;ni. 3 remsined closed in the
ama.uziw for hall an hour as » precaution, with the compressor rurming, so
hat at any moment yecompression could be at once hegnn,  This precaution
; riainly necessary, as the visks were very considerable with so loug a
virtual exposure.  No symptoms were, Bowever . observed,  Higher pressures
thas 50 Ibs, were not tried in the steel chamber, since it was not ¢ rzgmqii
intended to dive beyoud 30 fathons (80 b

A fayther precantion wes faken in case syrmpioms «}mmd arise after the
diver laf !h{:" water,  Aosmall steel o Lamber specially built at Portsmont
liuﬁiﬂ apd on the deck of the “Bpanker.”” This chamber, uimh
fs showi i l‘wum 12, is large snough to take fwo persons essily, and s
Jed with a door wide mgh to uke a diver with J

}I TEE O, i*, WEN
c:.ars.:.%.,ef;tafzi_ with the i.-utsgpasﬁweai alr reservols (used in firing t-oz‘psecia' 3 by

)

ilL

the ey 3 U hs\ zw‘ﬂ
of {13 had been Paui Bm%
poarcetage in 4 Sl
Bowover,

+ X’? ith similer exgosures o aboné T3 Ibs, pm%me, snd shniler decompras ‘iom* & gobsldershie
proportion of the gonts bad symptewms of ~ bends 7 { abd ane auimal was pectedly devstoped
s$7eTe rospiralory s“mpt s aud died, as it sonld wob be re-compressed a1 the e,

H
L=
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copper fubing, so that a diver could, if necessary, be re-cowpressed in
ioup to a pressure of 45 Ibe. o0 woys m 2 or % minutes. A bag of
axygen was siso Keptin rﬂmimf«w for the diver to breathe wntl he coudd
¢ re-comnpressed,  Fortunately, however, ol the experiments weul ag we
od and amlrlp wed, neither diver having any symptom from heginning
1, although e the slightest symploms were carefully we ched for
each dive,

Bafore ench dive the pmup, and all the sy
peiot of allachment o fh{* helmet, were
v above that Lo which the diver was Loing

re&a‘i_ié.}r be mderstood that if a burst occurred in the Ampipe,
> way, the diver would be mstantly killed ﬂa-:" ROT-EELITR
-rdet of the helmet Failed toaci.  If on the other haad, 3t
fi{‘ie i \\d' actorily, the burst pipe could be replaced, ‘the diver hf“ng O
while' brought up to a moderate depth as 2 measwre of pre caution, sod if
necessary, brought on by stages to surface. The alrsupply In the helmet
and dross, i he did not waste 1t, would probably last for 15 :mmwe‘@ oF Tmore
during his ascent, as the effect of the increase in the (0, pe g6 the
air of the helmet wr;i.*ld be counteractad by the decvease in pressare,

in order to test the nonreturn inlet valve of the helmel the piece of
metal pipe containing it was unserewed, conuected in reverse direction with
the 2p, and immersed dn o4 pail of water, so that the leskage could be
measured by sollecting the escaping air in o pindoneasure.  When tested
to a pressure of 100 feet of water it leaked o the trifling tomount of one pint
in 21 seconds, or *06 cuble feet per minute of air measured at atwospheric
pressure ; and at 200 feet pressure the leakage was only 07 cuble fesi
Another Inlet-valve was connected with o compressed sir reservoir with a
view fo festing It fo destruction. 1§ was, however, almost unininred

sseve of 1,700 the, since when tested aftervar rds with air at 200 feet
pressure i f?n:" leakied at 12 cuble feet per minute,

Cutsaras {quoted by Heller, Mager, and von Behedtter, page 250) records o
case in which the air-pipe burst Tyhile a Greek diver was at a sl epth of
¥ fathoms,  Althonmgh the diver was ’t!‘ once brought up, he barely
escaped with his life.  When he reached the surfocs he was hleeding from.
the noge and scarcely conscions s and s face, evelids, &, were swollen 0
an enormous size.  The ealve on his hebmet wust evidently have been very

f&‘.w-

b5 31

s and connscrons up «
tested ot a presgure

JJ

‘4‘; 2 have -never heard of a burst in an h«p:?)i:‘ seeurring in the Royal
-, but 31 bas happened on at least one nccasion that an fzmpapi; became
detached from the pump owing to s sudden and very viol enci. No
H-effocte follow iy swever, a8 the nos-return valve o la,d orily, In
case of a similar secideni with the diver at 200 feet age of, shy,
1 cubie foot per minute of wir measured at dl.mo«phf‘rm P SSRTTe wonld be
of no bnporiance, as his helwst end dress would probebly contain about
10 cubie foet of air measured at the same pressure. He wmif' h; e plenty
of time o be hauled up at o faly safe rats, or 1o ascend the shot rope. '
The diver was aiw vE 00 nected by telephone w;th the deck of ihe

e i“sp,uske“ 7 This was o convenlence in many ways, particadarly when samples
were heing taken, or worﬁ sxperiments crrvied out, and when ons of ihe
divers got foul 'ihn‘mb liis ascent the diver was stopped al ench stags by
mo:,gsiémrv on tho breastrope in the ordinary way, The gauge wos watched
ibe ascent; and when the depth indicated by it was W;fnm about 10

- of the proper stopping place the puwps were stopped, and the
gauge tapped until it reached the proper indication, wherenpon the diver
v w?op;w& by signal.  There was sever the shghtest difliculty in stopping
him at she right point within s foot or wo. T4 was necess vy Lo stop the
prmps, 58 owing to the resistunce in the pipes the degﬁh shown by the gauge
was several fest beyond the actual depth. The gavges had been specially
sested, and wers eorrectly graduated for fresh e .zf_l. 'l hos, with the diver
sitting on the bottom. af an actual depth of just over 35 fathowms, or 210 feet,
as cavelully messured on the shotrope with a standsrd measure, the gauges
showed a depth of 218 feet with the pumps stopped, and 220 feer with them
golung., A pressure of 216 feet of fresh water corresponds almost exactly to
210 fest of sea-water. '

e,

oy 200 F




48

Appendiz 1L conirins o short journal of the experiments at Loch -Ciz‘a ven ;
nd an aceount of the pzeummaz v experiments on she divers ol the |

pnte will be found m ,pg:ﬁz;{pr I, The only incident which
e 1:1: mention. was the mischanse by which ene of the d%wm g{};‘; foul

: hawser in the mud and ii“f.“iiit_,‘%é on the botfom al ;‘} N
was kept 20 winutes before he eondd get free,
and the rather inadequate aiv-supply, his Hesyes §._ AN
saturated with nitrogen, it was decided to give him daniale :?? o :
coming wp, the stops being all abous double the usual ¢ sme, and the ascent
sking an hour sud s half. Tt wus a tedious sxporience for the \i‘"f“‘ b

better than meking the oceurrence of “ bonds ” or gven more sarions e
and the experiments on eniosis ab the Lisier lushiute had :ﬁmwm that

decorapression by sfages in the wsusl time after so long an exposare would
probably not have been safe.  Bach diver made only ane dim par day.  Owing
I-f_.‘ s necessarily pecupled Ins sounding for the raquired depths, shifting the
vessel's position, testing the pumps with the meter, <t1,a3.}',fzi<* 84 mpiia and
1 other ways, more fhan two dives per day would have been d
iy as Dre, Haldane and Rees had o sleep on shore ot sone
vas also important to give sufficient time for any decompressio
$¥711 p*nma to develop, bheay ng mind thet these symptoms oceasi
sveral hours after decompress T would sise have cerisinly
& some extin pacfzaimm a8 regards time on the bottom or decom-

i, 1l & dive bad been 7o speated oy the sams diver within I ’{?’mn
& hours,  Pearl and sponge divers v

whe go down ?"v}":\zwdh for v
short peviods at a time, often develop symptoms afier two or three dfs
At the heginning of sach successive dive their ¢ tissues are more and more

'3
sufnvated with uitvogen, and the additicral safaration in the last dive way
A = x a;

oy

e digastrons, :

no discomfort or viher fronble was exporienced at 20 fathoms, it was
decided to dive to nbovt the mw H Hroit which the pressure gauges on
the pumps would shiow, and a depth of just over 35 fathows (934 I, pressure;

was reached o the deepest dives, the tone on the boltom being, however, cut
:|

down to § minunies 0 give am extra "gu ge margin of safery. 15 is perhaps
mngtructive 0 COMPATE these two dives with the experiment » which
Py, Greopwood exposed himself to a pressave vory nsarly as great iaa & stoel
chamber.  On reaching 02 Ihs. in 54 minaios, he was mmslx' w;:‘i :

fiﬂo“ﬁl‘i'c:saed at a rate of about 20 minutes per at I>;r""';

miing 2 hours 17 minutes.  After coming ont he had AL 0 02
in both arms. The divers, om the {_.nr,-imr :;‘

tes, With so short an exposure Ut(‘" conld probably
have come up without any sevious risk of sympioms in 20 minutes. In
CUIESGIEN0s o‘r the slow compression and the very slow ard mifonn decc
pression, which kept him for 2 vory lonyg tinme vader extremely high L pressue
Dr. Greenwood, who wos folly an at an average pressurc of 77 ibs., or
26 fathoms, musi havs beon far more hzg.,,hiv saturated with mivogen than the
divers, and yet at the wmost cribienl stage i the last almospbere Iue rate of
decompr e:mlo} was faster than that of the f_m--"‘rw_ who MM. 20 minutes after
reaching the last 0 ihs. of pressure, while he fook only 13 minutes,

@ during the Loch Biriven mpedmommd o
ponding experiments made upon themselves In the stesl chumber by
the divers, constitute a faivly solid body of evidence that, with the precautions
set Gub in the acecmpanying table, diving to 30 Sathowns i safe, at any rate,
for a }}*;&{hy‘d diver in perfecily good. health#  Had any syroploms, howover
shight, been noticed, we should b m‘o Folt sneh wore douhitful in deaw ing suech
a conclusion It s very

-

and came up in 44 minn

The resulis of the vartons &
the eorr

profuble that a more rapd ascent, or else a longer

T Fhe system ab e

t adopted in the Servies of modieally exumining all divers helore they
desesnd, sBinds ne haprrtaud protecton ageinst acehlonts in dz‘m\ 'A wan who iz from :my
CAHAE T \i. in perfers hoalth wust ondoabie i © he mush toore Hable 10 be sevionsly affected by the
Tormmdion of babides In his Llood,

t The Mr}!-&i‘ etits o aaimsls iz the steel clanber at me Taster In‘*fi”lf? ave show dhat
with graduated decomprasaion ¥ hande ™ e Tar mora kel to neenr than any othet smptom.
Py mi%m, memmq have nol been ohserved.  Aay sigus of © bopds® were therefore most care.
Tully wateiied for ln the divers, sivee theb orewrencs would indicats the approach towsrds a
danger Puyid, ’ :




4%

sty o the bottom, & possible withous ruwning ayppreciable risk: and much
he gained % t’?n, turus out to be ihe case The contemplated further
s amd men ix the stool chamber at the Laster |

dance in this respect, and bring out clearly the effecs
113); sncing the risks,  The m‘."uaﬁ.y adopted lmits of tirne on
sttow: are, however, sufllicient to ensble a diver to do much waluable
L particdardy if he Js freed from sl the asual disetmnlorts aad hindrances
arbging rom an excessive pressure of GOy in the helmet arr. The time
Aimwu for coning np s donbtless a disadvantage; bat the grest e of
time hitherto wsual in going down was avoided, so that o dive o o depth
T 13{‘1 S fathons could be um}i}z‘iﬂr'{ 1 less e than s ab present taken
if the recommendations of the Serviee “ Mannal for Divers” be adopted. A
siive to 30 fathoms, with 12 minates oo the beliom, was completed within
an honr,  When the frather esperbvents at the Lastor Institule are completed
We Propose to issue a «aepﬁ}mna at containing o detatled table showing af s

glanse the prcca.:tmn«; which we recommend du ring the ascent of divers from
VHFTOY shs and with various thnes on ihe ba..u o Sueh s table might

anitage be affixed to the e of each diving pump, {1
ghed at the snd of the Heport.)

with

his supplement

The Loch Striven oxperiments w we conducted from the deck of & torpedo-
hoat, about 8 feet sbove water-level,  The diver had thus to olimb sone
v 10 feet of ladder before even bis 4005 breast and i wa,ighiq wers
removed, the totsl load being 155 tha, Tihis olimb was o v swhausting

rocess, and possibily the great sirain accompanying it m::,h‘ iend o launeh
udv“u}* ml‘o Lhe }.,O‘ﬁi,i‘&i oive lﬂaw\n bh;)hi as of nitrogen which § a4l
nore «mm adt A dis ”mg ladder
o upon 3t would be an
T VQ“““{‘E & (}i‘f k.

;;rov*dx,u Wi
rmprovement when fizvmﬁ 18 mnwi ot §

¥R

I any of the very varic aptoms which may
have occurred, the question of treatment at once arives. : .iim?:};s of
pain in the Limbs, wizi;.nu' Aty 3 more threatening symptoms, stch us shortness

' " ¢, pallistive freatment will 1 .s.mz
*‘a‘uf’i’;a e, such ag local f?if’taon hot 61 otheriise conmter-rriznt u}*“ 1o, ¢

e hypodermic fnjoction of & small desce of warphia. For the rac
ctive trestment of decopupression symptoms by far the most « '. g%
8, however, re-compression,  Dhis plan was tentatively recomme

© pion
aven

bv Tol and Watelle, the earliest medical writers on caieson (Hsease, aud
ﬂtro'wiv'mcr?d by Paul Bert, ox o result J;’ his exper m.enu It sownig now
0 be pretiy well known among workers in <‘In}_}"{ Doabr an tunnels that

their pains and troubles will disappear if they go back into ﬁ}‘e compressed
alr.  We are informed, for esample, that during the comstroctio
sesed air of o vunusl under the Ulpde t}sr... men were in the habit of go
k, and even sleeping, in the tanoel, if they felt smy discomfort after
coming out from theilr day's work. In exteusive engineering <work in
covtpressed air a “medical aiv-lock T s now usually provided for re-come
ion. This plan, corchined with the procaution of keoping the men close
Jor sowe ifime after coming em'r from thelr work, was introduced by
£, W, Mair, one of the firm of Pearson and Son, Lid., who bas had
charge of varows largs ﬂuim\;aeow “tannell uﬁdm‘ aking o srzte*é ot b
thern, v was first usod, and with the most ;
with the fivss Hadson Brver Thinnel; and d
mueh suffering, disablement, and loss of life.

Tt iz evident that re-compre
hins been done to the affect
av in other w

on, if applied before sy permanent =E@nmgé
od tissues by the cutling off of their blood-supply,
&, must be very effective ; and experience with men, as well as
with animals, fuliy bears this oul.  In the frst place the bulbbles are st once

unished in vohune propoeti iwonally 10 the lncrease in absolute pressure®
This canses instent veliof. of paln, and of asy asphyxial syuptonms.  In the
gecoud placs the Dubbles bbgm ad ohee to re-dissolve, i the str-pressure s
bigh encugh o make the pitrogen prf; ssrve in the bubn o8 exesed that in the

3
fil

¥ For nstaves, they wili he dintnbled o2 hivd i the pressure It mze«m ta ¥ nio s phure:
alsoluse (L, 29-4 ihe., or 1} futhows of wuler )

G4



Tiwenes. ‘1o suable this ve-so "iuxiun 13 fsosnpia?n itsell, or go sufficiently
teal purposes, some time wmust be sllowed, after which decom-
ion may be slowly and couticusly carvied ont. Evea the paralyviic
i APPOUT VETY (s ckly, as o rule, ou recompression, exeepl in
peea, bag any part of the central nervous systems which hss heen
' ms, (\t me, L?(’uhtio 7t} :ié’zal’ui’(} of oxygen may take some fime o
: gen it will not ;;‘{-3{3{}'\.:917
: fzz}(‘tifsnr, w0 thas the
‘gm‘nsr? it e}v POCOVOTE ma}sv oy ?f 55 completely.  Whe following cnse,
reported by Dr. CGlowd, ‘wrm pher 17, 1906, and corvmunicated o us Ly
Messrs, Pearson and ’*won ilustrates well the curative action of re-c TR PTEESION
in the case of a work na JM one ui‘ ‘ho fuagt River Tunnels, who bad worked
& hours i compres 34 Ibs,
A8 aged 23 S}Tﬁ'}{;u}.}?{‘m & on about § par, whiie wa}kiagj E:ome.
RL g:};’l wi 2:}1 numbnos j logs,  Walked bue hen
ely paralysed.  Bronght baek to mw .,hmi fock in (zmbn%m -,
il L-'e mot,or paralysis in bot rx logs, and very slight sensation. K

% prepent; Do clonus ; RO pain oY nauses ; plse good,  FPut e omedic al
lock at 544 ;:m ., and pressure raised to 81 lbe by 5.0, Could wmove fegs
sli voat 20 lhs; w fxilxmi feeldy as 25 lbs. walked s erfectly well a.;;_d

tioe normal at 3 ibs. Came out ot .42, Normal after decompression.
Siv Weetman TPearson, M P, f partner i the finm, was hoosel! un
one oveasion attacked by paralysiy of the legs shortly after coming out of
the FHudson River Tunnel. s symptoms pranpily fhﬂp;mwu DY Ye-eom-
pression, althongh they parvtially retumed the same evening after his relurn
home, when he was st a long distance from the airdock; and he did not
or some days.

eompioiely recov f ) o ‘ “ A
1 treatroent s adopied the bubbles will ultimately dis-

Fy

Then no rad
cur of themselves, Thix i due 1o the fact that the nitrogen pre
e bubbles {about 90 per cent. of vne abmo igher than in
the bload (about 78 per c.,em‘ of one abmesphers, corresponding o the
nitrogen pressure iuw the alr breathed) Thus =n{?c>,m—n will slowly diffuse
out of the bubbles, and they will uitimately diappear.  The niirogen
bubbles in the blood iteelf may also, perhaps, leak out h ly through the
fangs. At any rate it fakes very lm‘h‘ presanre to make air pass
.in.nfy dvecth into the blood. The lungs are, in fact, agtoundingly leaky to
air; and unless air leaks ont bodily from the blood into the lungs, it is
very diffienlt to wuderstand how small the effects sometimes are of slowly
ijecting enormons quiantities of ale into an anhual’s velns,

In view of the great sdditional safoty and sense of security afforded by a
re-compression chamber, it was thought advisable o provide one for use in
case of any unforeseen aceident in connection with the Lech Siriven experi-
ments ; and this chamber is h%s.{‘h‘ ta prove of much service m fuwture. It
can nob only be uwsed dor treatment in comnection with any extensive deep
diving operatiops, but also Efn*’ experimentsl purposes, and for testing tix{‘
vars of men andergoing diving instruction, and teaching them how 1o open
thetr 2* astachian tubes,  For the larter purpose the chamber i mmiﬂ?b;e
am} after » legson inside it two of the officers of the “Spuanker,” and a brh

£33 who was on board, had »o diffienlty in descending to the bottom n
b fathoms of water, though nons of them had ever dived b fore.

Re-compression chambers are not availeble in conpection with crdinary
diving work; but there remains the possibility of sending a diver down
again shoald sny sevious symyp 1'{*11%'& thresten, should he be aceidentally
“ blown up 7 to surface, or should he from any othor causs have come up,
or been hanled up, more guickly than is safe. There is an fnterval of some
minugles at Ioast befors symptoms um@inp in consequence of rapid decom-
pression ; and i, for nstanc ¢, & Inan has heen blown up, there s plenty of
time to hanl him in, ease his valve, and send bim down again,  Tven i

bb}!i}'é_‘

*The wverage preasure of 00y i the dssnoy s probably about ¥ per cent. of ene nnwosphers,
mud of oxygen shemt 3 per oenl.  Henoe the bubbles, i af atmuspherie prosaire, wiil \nm"}‘ax
whout G0 per ¢ iy of witrogen, T oper eenh of (U ant & per ae
however, thal owing o hlackage of the cireulation vr other ceuss Y Bressure may rvive
gremily, w which sase the bubldes way coninin less then 79 per eept. of pitroger, 2nd will not
digralve, o that thoy pevhaps romaln for davs.
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serions symptoms have alrsady developed, and ho is helpless, it is far
%0 open his valve, give him plenty of air, and drop hiw down slowly
amd steadily on the l;!’v@;xxe till he roco the hottorn s reached. e
will probably have yecovered by ihe time }'z@ w® down s few fathoms, and
unother diver can be sent after him shortly. ¥ he has no symptoms he
can go down himeell in the crdinary way il & safe depth is reached, as
shown in the table which we have drawn ap.

in any. doubtful case, where symptoms seen

e A

v possible,  though not

dmble diver, on coming fo wm wo mright rennin in the water or on
the diving ladder for 10 minutes helore coming on board and baving his

I !n\ei usserewed,  He eould thus very easily again descend if he began 1o
feol mpbams,  On coming on board he ought not o undress for
?i‘xti&%i’l w) ninutes
w‘ms;lhm fama o{ tr Wf“ut‘m W"

iw U% vakue (5 the tnboelation of
wwreu ihalation, Ia
distinet wﬂrf’aac}

m the am o.m? uf u\vgon carrie 5,
sen 18 combined with uhm ni ?hu' bn}?i {4
uliy samrated when ordinar : bireather
ion, 10 acenrdanse Wlhl Dalon's Jaw, This ex
1, since the whale of it i3 s dily av
ments ;o and in eases where the symptoms
of ox bronght by the blood, the effects of hreathing oxvgen ave very
mnrked,  Bince, therefore, the most serious decompression v*m,;tuzm are dne
wo deticiency of osvgen from local or general blocking o i the civeulation,
ese symptows are benefited by oxygeen inhalation.
1 also facilitates the disappearance of nitrogen T ubibles, sinee it
enorimously insreases the differsace in nitrogen pressure between the nitrogen
bubbles and the arierial blood, inereasing this difference from 10 per ceut. o
9 por cont, of an atmosphere, I was this consideration chiefly which led
Pand Dert to propose oxygen inhalation as a wethod of treatment alternative
o re-compression ;) and iis experiments with oxygen gave favourable results,

On the “ q*}(uziwr the arcangement for inhaling nxygen was as follows
An o :’i!*m?’\f cloze-fitting face-piece without valves was comnested by a plece
of b-inch robber tubing snd a wide tap with a bag containing abont a cubic
foot of axygen. ‘Lhe ’blz’f was also provided with an cuilet tap and an extra
tap fov running in more oxvgea from a steel oylinder.  The diver could thus,
if necessary, he at ones given pure oxygen fo breathe™  With this plan the
OOy of the aiv expired aceumnlates in the hag, which ought thersiore to be

parily empticd and then filled wp again from the evlinder every fow wminuies,
iﬂe £, ix, however, an admumoe in go far as 1f stimudates the respiration
and cirenlation, and thus facilitates the discharge of nitrog

‘There seems to s no veason why spme means of giving oxvgen shoukl
uot be provided for in connection with orc}m‘w*‘ diving,  The oxygen conkd
bo tOli"\'L‘I‘thi}’ generated from “ oxvlithe 7 and water, or else carried in steel
eriinders,

I has been proposed in cases of Impending asphyxie from air in the
blood, to puanctore the ng-, t side of the hearr, a6 suck out the excess of mir
which hos sconmulated there, an ordinary fine troeay, cannula, and sspirating
Lottie being used for ’mﬂ vorpose.  This is a {1{.\:&;}{3&;*&{;‘ remedy, hai, o ] atig{!
from experiments on animals, would sometimes save life.

A somres o tmn'}’}e and danger to divers in deep water is their Lahility to
the necident —— “wlowing up” If a diver gots his dress too mueh inf finted
ig of course lifted upesaru. Umee ho ?ma ic,fa }1’ bO;;t:{;.m '{,he; #iT i }m;
35 axpands wmore and more as the pressar '

W‘fz"‘} increasing velocity

againel o .
When he hes the surface from Ay Cr}mis'im
distended ; he cannob move his arws

below water until be is hauled in. (Se
A% alT ean i%mspa, from his ow

o does not
1}, and part 15w simple
¥l m:)gﬂ,n is of 15
itable for physwlogical reguire-
are due 1o deficiency o the »uppi‘;

LIETE

r'i-

£11.

a'!(

"-.e (l 3f§= i}ia dz WS I
apd he floats Ewipimw‘v with hiis valee
: %‘igz)rw 150 The dress does not hues,
Fven if he condd do so, 1% would be most

* it wonkd of sourse be dongerons to administor cxygen fu s recomprassion chamber with the
pressurve 4t anyihing over 30 e, The method sormetime: T ey g sygen by wllowing
H & oome ont s Hae ol nesr ihe wonth of the patient {8 both naeass aml v ientons,

31
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fo for him bo lot the air ent and so mlk davwn aé_,mn, He could net
a,fxﬁ-:;& his descent, and wnight be squeazed 10 desth if the pr 'aw in the
s becams i\,mpemmiv less by & very few faet of waler than on his body,
Chag been in deep water dov any consilerable thwe he alse runs the
of decompression ﬂ"npfon securring; bub i ke is hasied in

and goes down e again withoat dels ay ‘@_f‘ier Lj}e
excess of air has heen et oud fhrow 5:,. one of has o }&1 or 1‘;. };(,iram’f ;
ny and opening his valye, there 1 p:ohabi '
brought op again in the “!udr‘i}. wiy

A d Ver can ﬂ‘t CUUTRS ,}io\‘a
nyonies
'_'»w,m- are coucerned, il gt ?';- Zhﬂ
dept hs up to 7 fathoms,  Accidentald blowix
the diver 1z crvawling ou the bottom w vE‘ ]
head- down the escape of air fv 2
accumnnlates in the back of his
in s way withoul raising his
trousers, sud he i
carried HPWards. ng e “ erinotix
up is natursily oeach d, snd we mus s'}z.s 2%
a*hhiu&wd an i cluinsy {'ii}i‘zf-I’i“s’iii?fi{:ﬁ, -::i-iih.{;'::_i.g}}. it perhaps gi
when two wmeh Gy o 2t lt e
originally ixxéu wed with the
of the water 8t great depths,
auporiance, snd i
protectlon,

A pumber of exporiments have heen n
Mz, Catto to try whether 1t would not be prwif.
romnd the waist, imstesd of on the cowse
accidental blowing np s gob vid of, %n.
they are firmly ﬁ:w.: on, mowhich css
the dress to enuble the divor o ascend tho shotf
HE Zlml\, the ij W Owas A{it:ptcd af lue g up ihe i Z;V wieans of
r"m (11Acif1£::e’*11a m gshm’r*; m §*wt tes § s ,cf. By this mesne air is 1 H

RRVHES sers 'ﬁ ’1«- fi?

3

: only d§ b io o
'1-(1 {-j AT, 7\

3.? of
rinoline wondd be 3'1355{_13_::

'.E.'ms }_: vessure bs o it
i were the ¢

e

z"ia& f.;f
unrlany

send air into

’%‘iltji (‘ﬁm

‘»—‘

s Giff «.ﬁiz-. o get. s

dn’ Nng rhfe.»m di.»sit:.i}eit,u V\'Hij, 4T, \uti‘r awi wi *}Lum‘ lax N up ot é‘r;f‘ .
Figure 15 shows a diver who has purposely blowa biweell up in the modific
dress. it will be noviced that he s in the upright position. e weuld
automatically assume this mmmn b the hott

In wiew of the gy wending blowlag up i very owater, 1t
seems desivable to di ehor the {un{_ﬁim‘:,“ and 1o ado pr the plan
of lacing up the seribed. Failing this, the legs of the dre
should be wound zomd smh cord o prevent shelr distention w it} air, the
kuees belng, bowever, left perfuctiy free




Part IIL
THE POSSE BN ITIES <'.'f3.§;'.~'". VERY DEEP DIVING,

n ?’“‘ 12 U oand TL we have dealt with the main diffienltios met with in

YWELIL
diving wi ,hg ordipary Service appliances up to depths of about 30 fathoms.
T mav be usoful, however, to consider the pussibil ol practically uselul
work af greater depths, and of extending the time on the "h ttom ot depths
RO .

ling 20 fathoins,
difficulity not hitherto
s}eut 25 £'°“ :

Ferred to nrizes from the fact that al depths
%w prosit en in ‘th{-\ air hreatd "ft by the
Among Faud Bert’s
v digeoveries was Ehé: ia(' h‘%“ u\'\';:e at 113 seEe A0ks A5 4 BOISOH,
He f amd that at au abgolafe pressure w."{,eﬂﬁ:,w ;ah{:‘tlf’ 5 abmospheres of
NG \\L"re%pnnd;sa/ to about 1D atmacsphen essuye, Sinee air
ntaires sbout & Afth of is voluwe of oxygen) aniug l« 2o imto convalsions
' ool die, even u short expos hetng aften fatal. W #$h an exposure of

| hours a pressure of aven ¥ atnos 51

: sheres of axygen, or 10 atmospheres
of air, was found to be dangerons.

Ez_'!u.

Lorrain Smith® hus shown ree ently that oxvgen at high pressnre asts on
th 'is.;n s, producing ppevwmonis {inflammetion of & 5. He found that
falel pasuwmona may e }l{)uu{,{'(} after 4 days’ exXposare t an oxXygen
pressurc of az lhittle as Y3 per cent. of an stmwosphere {corregponding to ale at
about 31 atmosphers: absolnte pressure, or ab g de pth of 14 iz
s presgure of aboc atmospheres of oxygen {6 ‘atmospheres

28 fathoms of water) 3 d ;vh from preamoms was produced o about ~§.& Z.suwé,
At ghout 1°5 stmospheres of oxygen pressurve (8% stmospheres of aiy, or
250 feet of water) marked sraptoms nsually occurrad sn abeut 12 hours, an:."i
death in 20 hours, though 5.31. one ease the anhwal disd in 7 hours.  Ab sbout
23 aimospheres of oxygen (13% atmospheres of aly, or 70 fathams of water)
marked symptoms were observed in about 3 hours, wnd death in & hovrs.

To judge froms these experiments. au ¢l n wubsequent serios by il
Mecleodt 1 would seem rmmhh mai in 'lli zsru}m?!}i Y & omen Bup)
with air in the usual v
for o short time without el m? Ei feots from ‘ha oxygen plm,,
and that an exposure of Jesx than 3 ar 3 hours at 300 fset wamii 5ok hﬂ
ffiangerm_:_s. Further exporiments on fhis subject are, however, evidently

a3

4

Po breathe pure osvgen for loug #b prassires vnck execeding ¥ almos
ros abavlute, or 1D 33 foet of w.e;mrratm# 1% %"‘V}\]i. i
Y (}U by ;ﬁ‘uw 15

the 113&, ari
5O
time at depths exceading abe

#on Ewurﬁpr{' 1) Eio.}} t211‘>hh'-, ;5’ ni m\mm.,
a catmot be safely supplied for any eons s}.eiu
i 8 o T fathoras,

As has been already pointed ont, the troubles avising from pressure of
(3, in the heleet air ean be Gvercome by increasing the air sapply, punps
driven by powser beir § subatituted for hand puinps.  bhers
ars, howevor, metho iy whict b v the amount of wix required might be
dimirushed.

Sowraal of Physodogy, Vol 24, page 19, 159
L,e:;:m! u}‘ Heyqsmar’ } page b

i L r, Boyeott and Ldentesant Lam
xyuen peessure coreerponiling
3 the chandher, and m
il \,510155.’;} ihey Taphdly © redd whon the pressire wos reduced. Al ma oxyg
cuz“”cr}‘and‘ntr o abont 40 fathoms of water, i)}. Fnldana and L: ulenant l}armﬁ;. &0
deteor it themselves any svimploms, sithor objetive or subject shovt ox

34 (3": ihe mh{'h wpmwl




On the Continent a diving dress pmwieri with an air-reservolr on the

ouguayeol and Desayrouse m;;;\,qaii‘ s mach nsed. The diver carries oun
his back a s ‘ei air-reservoir, Inio which the ar s deliveved fronr the nire }ji}'}&
e broathes air from the voservoir throngh u reducing valve, drawing at ench
'};y{;vui anly the qn{m;,'ur:\ of air r:’aam;z'wi andd u{!mmfr ?iimu'fh s ottlet valve,
By this plan the diver o m: i “and on 31 asas a8 rouch as
.'f‘;e aetnally requives.  The Ge Nt nse in
giand, howevar ; and it app aTs 10 3 ave fvant

5t place, it 18 wnore complicated i con FROTE H0 AR

. and latle to get ont of order, It hos also the dis;;rzfivazi.éza go thal the alr-
vir is apt to get foul of ropes, &c under water, end to be otherwise in
ver's way, Another serious defect 5 that tha ath 'v.{iaufa.z on the surface
caunot see by the gange the diver's dupth, sines the iudicates the
Pre|Egrs in the ALE-reRET YOI, BN N0t the pressure in the diver's hehnet, ‘The
work of punping s also rauel incressed, since the pressure il
is considerably greater than in the diver’s helmet, Final by the diver eannot
}s,’_},a_ii,-._i_- coutrol hh Tuovaney, and if he stoops douwn se that the reservoir is
above him, e has to breathe against wure. Lhare are, therefure, very
substantial obiections to the alr-res Ou the other band, there will
he no visk with the air reservowr of diver blowing vy when he puts his
head down, sinee no aiv will escope mt it < There will also be less
righ from falling, siee i the diver falle air will escupe freely from the
rvoir through the breathing fubeinto the helmet, and the pressure in

3y \.1-111 thuu 1,,. }_)*‘(Wome‘i fmm becoming ‘if,mp;mn}v less than in
P On the whole, however, the advantages of an s
satly outwelghed Dy it disadvaniages

J:

the i

[y

P .
t fowrad
o

‘m 3ti191' pbn hy t’»“h;r* the air-supply might be greatly 1‘0(‘213(%{1 wonid be
o pse at arrangement by which the CG, i the Yelmet air was absovbed.
With such an arvangement an ajr- kz:p\i%’ of one eabie oot per minute,
secaanred ab almos }"}Hé’?”(’ preseure, W sald araply suffice at all m}sth.s? Bven
during hard wo“k. sor that at 54 fai‘wms for instance, only about a tenth
as mueh air wendd be necessary.,  Varions risks snd complications would,
however, be introduced by this plan, and for this reason we bave uot
expmiimented with it

In the Flenss apparatvs the air-pipe FERY apf&me& with altogether, the diver
ohtaining [ OXygn from a steed oylinder and the CO, being ab\€\r'?3\<i By caustic
soda. {1- oraperatively shallow water t?m apparatus could be user
satety, prowim suthicient pregautions were taken to prevent any defi y
cxygen from oconrring. In deep water, }.'J.U‘,‘;{'}VGI'} axygen poisosing wounld
cemamiv oceny, 50 thatit is only in exceptionsal cirenmstances that the Fleuss
appuarabus wonld be ’s?eszalf‘f ngeful-~for instance, in cases where it is
necessary to dispense with ag siv-pipe, and the depih is not great.  Wehave,
however, already reported on our experiments with this apparatu

The most serions dithenlty in conpnection thh deep diving 18 iaﬂizf){,,,,f’{"d},v

hat des to the dangers of decompression. Ia ?m*& 1 of this Report the
meam available for obviating these danmgers under ordinary .-\,»m}.i!_.mn,_ of
diving work love been fully discessed. Vapions _fu.rt-hel‘ measures might,
howsver, be adoepted in cuses 'whvre much work has to be done af one
particular place in desp water, as, for ingtance, m salvagy operations or work
in eonnection with fonndations.

Tir. Leonard Hill has proposed the plan of lowering o the bottom a steel
chamber, info which a diver coudd get on the (’(,:L%Jf‘th)‘\ of hag work, and
clome the deor. The cham coukd then he hmded to the surbies, th
pressure inside heamg,,, lowered vory gradually by allowing the air to loak owt

ab o pertectly In this way the danger of dectrmpression conld o
completely ob

{.,

i

Har

from ihe diver's month Lo the explratory valve iy eharped with very foul
Cexplration, and this »ir has 1o be ioken in ot the next nspinetion, along
whe roservoir, so that ‘?aa abways brenihes vidlated air )
b 'This sdvantage I altooet entirely sewtrslised i, e by customary, the air-reservolr is Rept at
Iy abnat & s, axoess of plmssm Tha peverve of air in the vessrveir iz then gulile trifficg in
argand-—tnsifcient for o single goed bromth s depths of over 8 Fathoms.  In faot the w hole
argingemand bewmea utiw ﬂmm ’ ’

ot

* The pipe leadin
air AL (e Qm‘ of &
fa frosh aiv Erm'
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Thas plan might, we ?hir;i\:, be comsiderably simplified and "'hor?q‘zlf*{ﬁ By
acopling the principie of stage dec empw wion propossd in Pars 1 The
pressure in the chamber coedd probatdy be reduced very greatly within o few

miunies, so that even it it were hauled rapidly w ihe a*u{a(‘ﬂ it woakd not
require to withstand an excess of internal pressuve of more than one or two
atmospheres.

Several advantages would be gaived by the wse of a sebmerged decom-

pression chamber in this way, Ta the first placs, the diver would "ki-i(.‘-d
the loug and tedious ascent brough the water, Di ving the ascent he is
....'_;osui to the visk of his hands becoming rumbed from coll, so that hs
Ao bold on to the shodted rope. If as i= often the oue . ?}if* gde s
formidable, the risk of being carried away from the shotied i, of conrse,
eousiderable, and a diver thus carried away will pr’}?mbi come o surface
alb ouge, and g0 be i danger of the conseque £ sudden (]d{wmprs REIGIL,
ned advantage of the subiner o‘ﬂd decos mipression shamber wonld be that
in the event of any symiptoms occraring the diver could be re-co ")i%md it
viree, A thisd advantage would be that il his air mz}f* was abtached to the
chatriber he wm:i{} be saved the very formidable drag cansed by the tide
aching on an air pi})e coming from sarface, and he could thus work as easily
ab gy et depthis as he conld near snrlace, with a tide ranning,

ot

Anovther plan avsilable for prolonged work in deep water would be to nse

a diving vessel prm‘; ded with a calsson sbout 3 feet m diameter passing by
a weil throngh the bottom to o point some 30 or 40 feet below the surfave

o the water. This eaisson wouhfé be open below and would end above,
inside the diving ve an abe-tight chamber, provided with an air ioc,;
for passing m or out, ar fwo an‘ iorzfxw one of which eould be use
v. The shotted rops would be attached o the. m, 5
el f)f LE,{J s The diver could go down 0 his work in the ordinary
way from the ship’s side, but on coming np could enter the caieson ut ity
open send. and be by mmhi ip to the chumber at the upper end, He wonld
thue be saved the img waits tn the watey lura.z;g tha }&‘a.s-}.r and longer stages
of stage-decormy 1 he could be decompressed oz leisure, 1n the air
lock, after a walt mzu;bz“ﬁth long to make the process safe. With this
arangen ent i fho excesz of pressare in the calsson was ons aimosphore
(:13 feeh of water), and 1t safficient she were taken before iﬁ‘hifi"f out from
the calsson, it would be pmml}l for & diver fo work at double i‘w abusolute
pressure without ineveasing the risk from decompression, Tor i .
30 farhoms, the absolute pressure ix deuble that at 121 fathoms | Lience the
diver could retumn as safely 10 the salsson from 30 fathoms as ho conld 1o
surface {rom 124 fathoms, A vessel filted out with & movable caisson (ased
;1‘: s diving bell) ) was yecently supplied to the Admiralty for w‘;e at Gibr ;d'mn
An illestration’ of this vessel is given in Mesws. Siebe, Gorman & (s
{.‘-‘3-1»&10{.‘513@"*

In ordey to diminish the time vogquired for sate decompression it has | heen
proposed to administer oxygen to divers. When pure oxygen is broeathed
the whole of the aitrogen gas dissolved in the hlood and tisses of the body
1w gradually got vid of in’ ifnsion through the lungs, 3o that bubbles of
en cannot form on decompression,  Sluwce any escess of oxygon is
1\' maaumed bw {Lo hvmcf tissues, bubbles of oxygen do aot ond to

; ire has been oxtron‘eh bigh
3 S AT rd}m‘% - reabsorhed. 4, therelore, the exc
g*n can i*e dhphru? from the body before decompression, i is po
e decompress rapudly withont Janger.

a;wuid.

b adpinivter
(2 atauy a»»;xi"zta'{:«
U to im{;pﬁv Pare osygen bo
_ e snzissed as np: .
Time frmid ‘nnuexe} b{‘ udwd 1 elewm;r o i the administration of
oxygen were only b?gt.u a1 30 or 40 feet.  Tu stage-decompression Jﬁ itogeribed
w Part 1, the object is to keep the gas-pressure in the venous blood and
about 'de'mhié, b i not more zhdp dmwl« ﬂi«}{ (,f ?}w *m

JI has slrexdy been pointed out that it would he
OEFEOR ‘%.u a diver at depths much exceeding 33 feot
?"iﬁncf‘ Lisgs p" opfm

Yugn i
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the tungs will be about doubled. - In other words, the venous blood will lose
abonr bwice a3 much nitrogen dwving Hs vassage through the lungs. In

S E

consegquenes of this the time required Ior sale decompression will be reduced
o about half i the last three or four stages, :
Usvgen from o steel oyliuder or oxyhith generstor eonid be quite

cony given from a bug daring df\cmn}»r' sston in o deeompression
el ber r-lock.  There would a?»a be no difficulty i ’i}"zhiilm i oto
a diver wuder water from & steel eviinder provided with a muinble vedue

valve sl tap, connected with the air-pipe. We believe thal n eus
1men 1-3:1 0 Wu?‘ under }aa, L“‘w_ pressure for any considerable |

with in ﬁ’ﬂ'ﬁ ? i f}}m i
guastion of .safe-‘ty n
f;—.};;‘m‘?;' 1ts wihich it s }f;}'opa add
we frust, throw (‘U'Ii‘iid(“ able new 1153?1-

he Dimits of whet can safely he Hpmn‘wri at *Em‘*: i depths,

Additional experiments are also needed with regard to the best means of
voiding the risks arising from & diver ?}f:-z.‘:a}}‘" ing badly fouled, and the
difficulties caused by tide © also as to the supply of ar by more effective means
than hand-pamping,




SUPPLEMENT.

PRECATTIONS BEOOMMENDED IN ASCENDING FROM DIFFEREST DEPTHS aND
AVTER DIFFERUNT FPERIODS OF 24Y ON THE BOTTOM.

As shown 'in fippr\min L, the experiments cwried ond ai the Lister
e (n m},; during 1§ 106 and 1%: huve furaished very clear e*;idz;\.;me
reral correctness of the prined pi« s set forth on P oo
Heport, and of th.: markad superiority of the new methad of ﬁl!fsg.,x‘w a diver
up by gradusted stages aheﬁf huve at the sawe time furnished quantizative
' @ needed  in decomy ression adver vard
3 _ sus de If..}.m, may be dedueed, Th
wore only very partially available at the tme when the e
#m\mi ives from H.AMLE. © Spanker” were undertaken
5 the precautions taken in the de sper of fhese dives were somew
exeess,  Un the other hand, the rate of decomypression in some of the
monts ma le ot Lientenans Damant and Mr. Cabto in the steel chambor of
wstibute was a good desd more rapid than we shoald now cons
e for adiver after exposures of the same virtwal durations and o . the
SHME Pressures.
: he Tables ut the end of this supplenent show in detail ths 'p-r{-n"."- 410
which we vecommend. 1t will be seen a2 onee that in Ojd ' 4
Lz{me pv%aumwnw eificiently, It is pecessary that the pres
phe pamps should indicate the ¢ of the du
. alarly at lesser depths. For this esason we wish
stfeniion io our raconunendation as to the tf:;fmw
50}.;._)“';}.1&; h,maiiw w zi serve 1o explain the prineiph

{1y Lamits of safety wn rapid Decompresaion,

The experitasuts on goats have clewrly shown that wpto the Umits of
pressure investigated it p'mf\ to Jf«f‘nnl"ne.ﬂa rapidly o h alf the a;}soism
pressure or 4 libtle more, however long Las Leen %,fi"-ﬂ exposure to ?hsa ;
pressure, Thus o sudden drop from an absclute fo3s
produced not the slightest syraptom, the fall in p
vatio of the higher to the jower 'g;ms:su;{-, bf-.-.iug HA ST B
a sudden dzoz} mm f)i} Lm 83330} i
produced di ;
being now 4 Jc 1o '1, ;.Lh:;i{u.s_gh Lim 1‘111 ;‘»rx
voamonnd as before, The goat ezpe"mwrh have -
o symprons Grst begln ro appear wilh sodden "§"Cu*£1pl :
g of the two pressures exeseds abont 23 4o 1, and the exy
ure has been o long one.  Human experience, so far a :'.

ume divection,  Hepid drops from hig absolute Dy

produced no il effects un Liewtenant Damant or @?r fﬂz{éo:
and similar rapid drops atmosphenic pressure from twice
pressure or a Hitle more ave well kunown io proo Gk 10 bar% alfects
gaizsone workers, A case which iy he gquoted iz that of the yie: .eez:z‘;p?i(;}-’ed
n ro il work at the bottora of Gilwalear harhour in the diving bell
attached to a small vessel- already referred fo 8t pags 55, The men work
four ab a time in four-bour shilts’{a very long esposure’ ot 3 depth of about
35 to 40 feet, and take I3 to 2 minutes to come. oul through the airdock.

LY

Mr. Catto, who Is .at present iu charge of the vessel, s made careful

,-m{i ?’nf*
r hand,

, sphe .' : 3;1’(;:38111‘(-:{}
tho v ai*in nf' the bwo pressures

shown thas
n,. when the

enguiries as to whether any of the numerous men who have been etaployed
during the last five years have ever shown any symiptoms due to the decom-

pre ile found thai no such symptoms were known 10 have cosurred ag
any toe. Several of the meen have been emploved since 1902,

ln view oE’ this clear evidence we bave assumed In calodlating the table
of preeantions in ascending, that however long the stay on the F.')a.;ii-u.r.n, Wi

H 4




Hver to ascend yapidly ur s is reduesd to o
! wlso that so f ' s concerned, there s
no need ’roz‘ auy delay 10 asce ¢ than T fathoms or
154 & of excess pressurs,

(Y Pime required For complete saturaiion of the body with

atmospheric nidvogen,
The experimends on goats show that the symptoms produced by rapid
deen ssion increase i frequency and gravity with the duration of

sure to high pressave up to fwo howss: longer exposures cause little
or o inersase in svroptoms, so thet wavinunn saturstion s, practically
speaking, veached in two hours.  1n man the yate of respiratory exchange and
cuenfation of blood per i of hody weight Is nesrly hali that of onts,
Hence we wmay conclude that lp inan saxinum safuration s woally

4 in sbout 4 h@tlim or pesr o5 o littls more; and this conclusion
5 accord fairly well with the human experionce reforred to st page A0,
¢ osame page the e v a ealonlation, sceording to which parts of the
human b@dv with an average cirenlation would he ahmost comypletely saturated
inap bour®  This conclusion was soreewhat difficult to reconcile with actual
f;s.?;;}t?ri&‘-?‘“{" o fuviher investigaiior wy material soures of
1 the calenlation. Ifwas noticed ’t}\ e, Boveott and Lientenani Damand
11 the bodies of goats which had hoen killed by too rapid decompression
the fot was often remarkably full of gag-bub bies. No other tissue in the
hord

e
i
v}
s

owed the same phenomeson, awl $us led to the suspicion thas the
iy of gases 1 fab or ol might be high. This suspioion 'was confirmed

ata }"ﬂl?}h\i ed in connection with a guite differaat invesiigution hy
. . M. Yernon, Fellow of "J‘sg’{}a}rn Collegs, Oxford.  Dr. Vernon ihen
>;st<.ix undertcok a scries of exact experiments with snimal fate at the body
semperature.  These exp"nmf‘ﬁi‘sT disclosed the very remarkable fact that
nitrogen is about six imes us solubls in fat a8 In sn eynal weight of ldeod
the body temperature. As thbe human body wsuelly contains aboot 10 or
20 per cent. of fat, its capacity for hols ing nitrogen solution st be pearly
twiee as great as was assumed on page 45, In other words the time reiulred
for saturation must be neardy twice as long.  With this amendment the
caleniavion accords much beiter with practical experiesce. It also follows
that o ot man will take longer to ssiurate with mitrogen in compressed aly,
and to desaturate during decompression. e will, thevefore, probubly be less
sublect to caisson disesse after short exposires to pressioe, but more subject
alter long exposnres, other condifions being equal
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Time requived For safe Desomprassion,

As already explaived, &a,mmgrpwwa can he carried out withont risk of
any symptom whatever, if during the }I_\}E,C’bb the partial pressore of nitrogen
i any part of the body is never more than twice that of the Jbin.o\x};ih“i{‘ h}.
erder to Fulfil this con E}:uu 1 without wasting Eli’mt HIECEESaT FLEHOIE
to know o what estons different paris of the body have h{((zmv satnrated
with nitrogen during the expmure to pressure, and how rapidly they give off
the exeess of nitrogen during decompression, The general psz;plecs on
ich this roay be “ealenlated have boen é;&pi@;m 4 on pages 3843 The
v expeviments on goats {Appendix 1) have lurnished exporimentad
data which enable hese }'r}‘;m"zpltw to be 1p§;?.1<~,<} i detatl, and at the same
' Ll"E.SLLuf“ thelr general eorvectness. An actusl example will best
i te the wmade of apu ’imw thent. Lot us suppose that & diver has % go
to a depth of 28 futhoms (corresponding to an excess pressure of 76 1bs. per
seare tneh, or 5°1 atmospheres), md that it 18 decided to allow him o
rexasin only so long that he can come up safely within about ha¥f an hour,
We rasy also asswine that he can reach 28 fathoms i in about 2 minutes,

* Ven Sehriiter =\* Brer Sguersiofl tn dov Fr ap?zfy?am wind Lherapic der Lafidreckerhran-
bungea Berlin, 1005, p. 42) concluded thai saturntion sust be practically complers in o3 litle
a8 15-20 minates, :

4 Commnuiested to the Rogal Soclety, Muy 30th, 1507,




loganthuie carve (Fignre 203 vepreseuts graphically the average xate
b any portion of Liis body with an svers 26 civeulation of bz sod, aad an
mu;wif ion of fat, during rest, will probably become saturafed with
on i ha s suddenly {\ip{}se& 0 any given excess presswes.  LThe carve
w aceording to the almost self-evident ABSUPLIONS, explained ot
Mome parts will, however, saturate miuch more rapidly, and others
uply € E?vmw the seale of mme en the curve it is possible
. /5 tato covsideration.  For instancs, 2 part which hecomes

arated in 5 mnutes will be seven-eighths satorated In 195 minudes,
while 1 p:ui‘, which becomes hall satwrated 1o an hour will only be about

dxth safmrated o 15 minutes.

Figure 21 shows graphically the eak
different parts of the body of & di
vwo mminutes and remained ab this
the surface.  The two minues s

inprease i saturation of
: s gone to 2% fathoms in
spsure untll 16 miouies after he left
end i fiawoma'iinff are counted as equivalent
to one minuie on the Lotiom, so that the iotal virual OXPOSUTE 1O AN AXUeSS

are of 75 lbs. iz 16 minutes. For reasons which will be xphﬂu:w‘
most 1apid rate of saturation which nged be vonsidered eorresponds
ration In 3 mimates, and the slowssh raie ¢

¥

_ o hail saturation in
Yo pmmutes, It will be seen that ab the most rapid rate the ssturation alfer
16 muinutes from snrface "‘f)?'i‘&“:p(}i’}d&} to an escess pressure of 40 ibe of ain,
awd ad the slowest rate to Mt ibe. The latter pressure dg Inr loo low 2 be
capable of cansing any rmuhip on decompression, snd the same remark
applise to parts which half satueate in 40 minutes, since these rmrtw wiil at
the end qi 16 minutes only be sabwrated to 1Th ibs. Lven with sudden
deecipression, therefore, we shonld expect po symploms i man from the
more slowly saturating parts of the body.  As shown in &pﬁefadm i, the
5 $ known ax “ bends " are dus o too rapid decompression of the
move slowly saturating parts. The ccourrence of shiese relatively iniling
By OAPLOmE affords 4 moss naeful warning to wovkers in caissons and tunnsls
at much lower pressures, but this warning is abaeni with Jdivers gomg for
periods 1o gzn t daptl Any symptom oveurting ia the case wunder
sideration, would }ai’t,binmiiis pe ol & more sevious character; experience
in diving shows only too clearly that this is the case.

We huve now t6 calonlate how onr diver may be browght up safely by
stages i the mintwuw of time. IF his hody had been fully saturated with
uitragen, the first st i wontd have been to bring him to el the absolute
n}

11

pragauge, o o — = 4B {bs. absolute pressure, or 30 Ibs, excess prossnre

——i.f,, b A deptn of, say, 70 feet. Only the very rapidly saburating parts of
his hedy, however, are very highly sstarated ; and thmc PATLS, whwh are
nr ﬂ*mb*v ucapable of mthm;}; aly symptoms even o he %\1&1{‘111 blew up
bo erreface, rapidly give off muell of their excess of nitrogen during bis asgent
o the first »mm; Tt is therefore well within mp Houts of sefety to let hum
gscend ab once to B0 feet from surfuce 23 s pressume)  In order fo

; all buvry und risk of overshooting the proper stop, we think it is
ble that o diver should not as a ke ‘}F\{’%,:QA more rapidly than about
t per eecond.  Ie should be stopped when the gruge indicates about
foet below the first stop,  The abr-supply sheuld also be stopped, and the

gange tapped, r;.:he the diver slowly asconds o the first stop. T would,
*lmre‘fn"m' tuke him about 3 minutes to come ap fo B0 feet,

During these three minutes the mean pressure will he —

and the effect will be abowt equivalent to 3 minntes exposare ai 4% ﬁihs\, 80
that the mwore ighly saturated parts of the body will diminish, and the less
Bighly saturated parts lncrease, fn saturalion. Let ue follow what mast
Dappen i the case of the moesi- l“ipidl’}‘ saturating ports, represenied in the
upper curve in Figure 21, Daviag the three minutes of ascent to 50 fest
from surface the aiv-pressure {49 The.) dis 17 Ibs. below the buitial saturation
p:‘aa‘sz‘:i.are of the part 11 question.  As explained on page 40, the tussnes will
dosoturate b the same rade as shey saturate, the BXUEHS preswure, pom{w{* oF
aeganve being the same.  In the case nnder condideration the t ssues, with
a given exeess of pressore, will half saturaie or ?m?? desaturate in 5 munutes,
Henee, as shown graphically en Figare 21, they will dessturate to the extent
g 49081, i
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of one-thivd in 3 minntes.  In other words, they will desaturaie to the sxtens

oo

of i: = ghout 6 Ibs., or frowa 66 1bs. to 60 1he. At 50 feet, or 224 1bs., there

s n stop of ? roinuvtes. The excess ol pressure in the tissues s vow
G0 - 22% = 374, and during two minuies the tesues will becorse 24 per cent,
desaturated.  Now 24 per cent. of 374 iz about 9, henes the snturation in
the tissues will dimunish by 8 Jos., or from 60 to 51 tba, ;oand 3% owill now be
quite safe to come up to 40 feet.  The further stops are 3 minutes at 40 {eet
5 minntes af 30 feet, ¥ minutes 33 20 feet, and 10 minutes at 10 feet, as
shown in the following wable.  'The rates of desaiuration, as calenlaied in o
sivailay memner for both quickly sod slowly saturating parts, ave graphic a;}‘
represented on Figure 210 The stoppuges are su ealcadated 83 fo just preven
AL Pressure 1 any pult of the bol Iy frome beeoming more iha,zl
double the airvpressure ) the object Deing to prevent all risk of symaptowms.
The only exceplion is in the vase of the .Eas-svt.- Qi&‘;g} from 10 feet 1o eurface;
bt even in this ense the highest satws ure 8 w0t allowed o exceed
1% Ibs,, which i a safe Ezmz‘ as dirs,@dv % pi'ﬂnmi

Draring museuniar exertion the rate of blood oirculation in fnevessed ; and
tf o diver during his ascent did very litle muscerdar work he might, in
consequence Of the diminished civenlation, give ofl Iai{fU&,(;Ii o a slower rate
than according to the above caleulations.  To guurd agamnst this posubility
it is desirable that during the stoppages he should acin’ﬁ? Y um with

115 emd legs, Ehm px’@ff

143
o owas faken in the experimental dives of
: fatto, snd cun easily be carried out.

Two t.a’tie:s h Ve bee:r coustracted showing the stoppages required after
dives to various depths and with various p{,i‘f‘{fm of stay on the botova. The
inwt ih}!e n*imﬂ 0 <~1J11:zm‘v Enm 18 of s N3d ‘th-\ &f)‘z [n., the linsits being

ithin about balf an
_h ot rL‘Z mw%’ and smgi { petarn i:v stages w‘f‘ TOTE mpxdiy without serious
risk.®  The seeond table is for fonger pevicds on the botlom. A diver might
gob foul of something on. the bottom, and thus be unable to return withiv
the lmii of wme wpm,ziwd o the frst table; or for some other reason i
might he necessary for him to remein for ary extra long time. The table
provides for euforced stavs of any dwiotion, butas the time neaded 1o veach
surface without visk of sven slight sy L-:_‘j{rm, such as ' Dends,” 18 very long,
and the migks from exhawstion and cold duxing the process bave to be
considersd, *%‘e *-‘«topp&w{’ﬁ tiumw th{\ akmnt &itez ‘m Eonf si. LA;;{M&M are

i

Lf_am QCLuT ;.mg. Boz-;z huz;;a;z. 01‘{ _ S
that with long exposures fo pressy e @ *&te- ‘:;:E ffie{f{;n:j;;r<—=:~=5i<3:a Cun 'izse selovted
which s suificlent to prevent any mﬂ‘i.e_}uﬁ symupiow, but not suflicient to
provent * bends ” oecurring.  The precaviion of exercising the lonbs during
the stoppages will, ‘however, probably reduce the risk of hends.  The
'-r:-'.f:ucnce of Drs. Hill and ufumwo‘,d {p. 37, above) points distinetly in
s direction.

ke fm, diver cannot exeveise hig limbs, or if he 18 of heavy baild owing fo
excess of fat in his body, the stoppages should be fully o third Jonger ¥
possible,

Figurs 22 shows the calonlated rate and estent of saturation of different
parts of a diver’s body with nitrogen when the descens to, and aseent from
2% fathoms arve conducied acoordin g w the method previously recommended
in the Diving Manual, she rate of descent and ascent being 12 fathoms in
14 winutes, and the time on the bortozn being 1% minanies, as in the example
slresdy discussed, . The time spent undor water is %4 roinutos, as against
16 by the new ,.;mmod with an equal thue un the boifom ) and i will he
soet a‘t- onse that ‘5'}3.6 }.‘ir‘;ka‘s {:rf c:}eai:-.b. or Ye-ry- seriom séy‘mp‘;,omr by the old

b
winen some
‘msi ;\i‘ﬁb&i»ﬁ*{ !be, mcmt & m;s;vmus 023#»} <J£ hw butiv wnﬁd be siill
mmmu}d to as much o 36 1, pressure. It V{m?u 9;*(‘»{}4?;3? e hardly less

€ if, foed ;ma'xmn,a. pipe gmv WAy, O N\\timm sy went wromg, hie might eome ‘ip‘ or be
bealed g, with the stoppages reduved to. half their asusi loy gihy, wnd the frsl one or twn omibted
Tie dimisusion of presaere woold corliteract the effests of the Inereasivg percentage of GOy in
cho air of the helmet and dross,  The defeet shonld menuwhie bo somedied tf powsibls without
delay, and thie diver sent down again for a shot distanee, aad Drought wp by elages
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safe o go siraight o the hottom and come straight up after 14 minuies.
Comparison of Figures 21 and 22 shows at o glence tim great advantages
gamed by desecending 3‘&;&&3? and ascend g, by the sg age method, ¥
the slow descent the diver’s im\iv i alrveddy aimost as highly maiet’i when
reaches the Lottom as it is afier the whol iy on ohe f ;Hnm with the
degcent, Witk the unifory decompression moest of the diver’s body
5 o Inerease In saturation during hell the ascent or more; while
dec ompre i the "-dﬁll"—l‘fi{)‘l rapidly diminishes from the outses
ting the risks involved in the current method of dasceut cad
(zw&‘}? the time on the boftom does not exceed 20 m 'inut.es, at 2
depth of o °’f? fzmhonu, we_nay relate tih* following recently reported.
experience of five divers of HMH. “ Dinsa” daring operati for ths
recovery of an anchor and thyee shackles of cable in about 20 fathe s of
waior al Lagos. The work was cureiully supssintended, and she doscont
e "t“ﬂ"‘@“li were carried out io olose soeordsnce with the recommendations
of the Trving Manosl, The siznes were noted, and were as follows poer

s

-

EEh

_— Goung GOw 0. Cazing sl Qa boifom.
;
21,2.0%.
. ; 29 34 3.
Diver & - - "3 a4 39 25
» B . - - 36 8% LT
w U - - - 3z 3% : 20
S . B - 43 i aa
I . . 34 .30
22.2.97. :
PTver B - - - 23 HH) . 3o
T e - - ) a6 36
i - . - 24 } 36 pife)

O3f the five divers, A sufferad after his seceond des

vomninig, which, howsver, scon 1%»@9{? off, and may have been ¢ Y
to the sxcessive pressure of (U0, in the air of the helmet, fror the insdegua

iver D shortly after hi it developed wmpmnm lfa;
&w ) pointing digtinotly 0 seriong Blocksgs
v the heart,  Diver B developed shnilar *ﬁ“k'a{‘i%fim aizs\r h.’:
Bot,h werg oo the sick list for five or six days, but cow

%}r‘;‘;}pmms wore, not the “hends” which are s
conymon among workers i tannels, &, but of 3 far more threatening
character. in framing the ap gsm fed Fables we have kept cleavly In view the

act that in the cagse of (iwvrm with e smparatively short exposures Lo pre HSNT
the symptoms to be gnarded against are wudh mors serious than “ heads,”

TeoOverad.
Tr will be noted hat |

Procouiions with very shovt and very long Exposures, and with repented
.e}(/{'sft’e‘& &

donee and experbments on auimals show that m}né
tically safe, aven from 'pr&«w—m en greatly exceeding
!? the perind of expesure Iv sufficiently short for tance, there
sconss o be burdly any risk in rapd dt‘ol\}!i}pi‘ﬁ&ﬁ!{}ﬁ after an SRPOSITR oi

T it 3 e, or 15 minules af 45 b Some parte of the body

' vey inatier of iheé Medulla, where the respiratory conitro
: s_)iv practivally satueated within s m'm‘fﬁ, and many
fa rapid eirculation Ymm* b puore that fw,if w‘i'ra} ’t‘i{,ti m?%w.
, Iy woubl geém, th ; paris :
Cin r rpid decompression 1o a *omm af the abs px{;&@"ﬁ?b, OV eve ;
desaturate so rapidly that t:hsm 1% vm? qm?xf’}m? hnse }01 t’nﬁ for mctf ¢

é“} };z'i'u‘?i_‘f Py

# By deferprinations of vhe ?’"t‘(’ BEIOION pvﬂem in wri
rersad mir Hill and Greenwood have soeently shown tha
kidoey doring very mn;w fon (?’m Reyal faejf,eeig;, R, ¥al

seorntad - duriﬁh eposian to
# 15 ibe emse for the buman
TG0

| -



The fact that exespt with
any symplems at ail in very
om, }mmu distinctly in the same divection.
cone he more slowly body de-satarstes vhe ore likely
i o canss svimptoms i the s on has 3)f en antficient,  Iven with

decomnpresgions to as far as a r;xmztm of the absolute pressure it secms
'ﬁtipwﬁm; us to take any aceonnt of parts which become balil setoraied in less
than five rmnudes, particviorly with a rate of ascent of only abow 30 feet
per inute, #s recommendsd in the Tables, With decompressions to as

Tavas o third, 30 38 also superfluous w allow for parts which half satarate in
less than ten minates,

I the cage of very long exposures io compragsed air o different
eration applies. [m experanenis on goats ind ;Pahn that in order o
L all e«vmpmmh with these apimals it is nocess Ay & iow for paris of
be hody which becorae only half sajurated in 45 minu?.-a , and desaturate
with ({}}”Is“’-}}oﬁt}ihi\* slowness.  Allowing for the difforeuce In 2"% rate of
blood cirenlation betwesn goats a en we shoukd v

avord 4oy SYIproms i men of ave butld, o prow ide for ;u s of
Body which take fally 11 hours to bi,c(;lm h’ii saturated or hail desatarated
¢ the only symptoms produced by the wmost slowly mitlirf—s? 2R
desuturaling parws are, secording to both humen experience and the experi-
ments on gonks, bcnds anf? th( se  hends Tare of o very t—a‘iﬁix% charscier
i she decomy i
syseploms. . fz “small risk of »m;,pt
bends than hmderga the *\_mzmww Hrocess @f being kept hanging on the
shotied rope for a longer time ihan wouid \‘i}mnﬂ'm‘ be necessary,  For this
reumi the stoppages i the Taldes sre only s oaleddated as to aveld the

- of anything meore serious than “ hends 7 afior o aching the surface. The
yimi SPACIIE of the stoppages 13, indesd, somewhat altered in order 0 avoid
risk of * bends 7 under water,

The rates of decompression ave all calouianted as safe for the corresponding
AXIG Dressures and maximmm periods of PEPOSTTE. For instance, at the
greatest depths the decompression vaie for “over 1 houwr” is calevlated as
gafe for o stay of any duration, o as to mees the cass of a diver heing so
hadly fouled that he cannot get ‘troe witil the tide turns,

A diver bas often fo descond twice or oftener at short mtervals, b is
evident that at the beginning {}f the smecond descent the more siowly
desaturating parts of the body will nwt bave had fime o lose their excess
of nitrogen, and that consequently they will be more highly safurated ai
the end of the second stay on fhe bofiom than would otherwise have been
the cass,  Thin will be elear frow 2 study of Figures 21 and 22, To mest
the incressed risk in decompression owing 1o thie eircumstance it is desirable
in caleulating the proper rate of decompression, 0 add together the two
periods of stay on the botiom, and adopt the corvesponding rate of decom-
pression,  Hor the frst half of the %uupgmggew thzh is not npecessaty, but for
the second half, inelading, of course, the longer stoppages ﬂcquirﬁd to meet
the case of the more sdowly desatarating p“;ﬂ« *,1 e rule should bhe eavried
cut. Heference has alieady been raade tn the inereasing danger experienced
by pesrt divers after suecessive dives withont any precantions in decom-
pression,  This d:}mfm‘ does nol mount up to the same extend it stage
decompression be wsed ; but nevertheless exists,

As the interval of time hetween two sutcessives dives increases the extra
anger in decowpression diminishes.  With an howr’s interval the exte
: s i decompression might be halved, and with two hours’ interval
: aly omiited.

In general, the pmmtatiem recommended in the Tables are greatly in
oxcess of those which have hitherto been commonly smployed 1o either

diving or work in calssons, tunnels, &e. We have enumvrmred in ieave o
cleqr Yrmigm beyond anything whick either homan experience ov experiments
on animals, or caleulation, has shown to be risky; snd fortenately it has

‘ E';\* mpz& decam re

o

Ar

® For men of heavy build, und inelined to ohesity, this allowance would be insufcient, and
in the case of smeh men the stoppages duriny sa sseent after 8 lopg sxposure shonld be fnerenred
in jeagth by & thivd, as already remarked.
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Been possible to do this with 3 clear saving of the iime spent wnder water
(with ordinary limits of working time) by divers at all depths, snd a great
inerease in working efficiency and comfort, We have every reason 1o believe
that if these precantions for divers, and the carvesponding ones for other
workers i compressed alr, are earried out, the risks o Hfe and health from
caigson disease will practically disappear.
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Tapre JL

Stoppages during the Ascent of o Diver after delay beyord the ordinary
Limits of Time from Surface.
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APPENDICES.

and Gluly 1005, by A Bl Boveott, MDD, Fellow of Brasenos
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Ho-—A Diary of the Deep Diving Experiments carvied out off Rothesay,
isle of Bute, from HMS. ©Spanker,” August 1906,

HEL--A suggested Method for the Battor Testing of Diving Purps,
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Appendix L

Q

NUTES ON EXPERIMENTS MADE AT THE LISTER INSTITUTE DURING
1508 AND 1807 BY A K BOYOOTT, MD,
FELLOW OF BRASENOSE (OLLEGE. ¢ J\’%’f‘ifiﬁﬁl), ARND
Go O €0 DAMANT, LIEUTENANT BN, HEE " EZCELLENT”

> June and July 1808 o sevies of experimenis on gosts angd men wers mnade
ssre f'}mmb(’r at the Fister Inshiute, as a p eliminary to 'hf> diving
v pndertaken by Lientenans Dans

d Me, Catie under
wmstunces.  The expe:

euts on gonis have sinee then 3’.
\\ Anle lony nw ) “muber -*i" yr,mm fox 'fut.ure eiu.(:i{ﬁaf.irm

PM.L

'f_»i’_xf‘i‘.l 13 hr}-ie 1; VET, mt«ulx mi‘ \L(}I‘xsi’ e

Jred 11 the fawf'mn 0 f; tigden
pressure chamber, whss-.i.; ihe Lister losbitoio owes 1o the wm niﬁoo’;ce ol
. Ludwig Mond, o ;snh of o short sogiment of o botler with cweved steel plates at
wer end,  Inside it is 84 feet lung. and 7 feet high and wide, and has a capaciiy of
sie feet (9,800 litves). It is thos large enocugh to bold severad persons com-
fortably, fo t*'\:ilc,rs ith suy apparatus wiich riay he requived,  There are fwo ﬂ){m«
pue, @ 1B srlisle measuring ¥4 inches by 1{} inches, 2 in common wse, and is show
<.pfz m Higure 1T, The other s much la weer (2% X 24 inches), and is design ;_
far the iniroduction of balky apparatus ; 8 i3 shown din Figare 18, A sl
aip-lewk s wwn in Figure 16 i provided, throwgh which small articles way be {k{%vd

dintugg the progress of sn experiment, while There are throo observation windows,
i (I naiat of stont n‘l a8, bt are also Htted with an auntomatio arrangement 5)5

which ir wx'?gfe of the ;,L;w eouses a solld metal plug o £ inte the hole,  Olm-
pression or exhaustion was ab firat effected by a simple crmpressor driven Ly 2 gas-
ne. which will salse the pressure about % ihs. & nunmte. T ressurs i

1 oand leszmabf‘& by o number of valves. Be k:;:?mf: arrangements S varving
the inler to the compressor, the chamber iself Jy fitted with fowr simple and
four adinstable spring valves, several of which ars sesn in Figweo 17, By this
reeans, e most exack adiushiuent may be made hoth with pesitive and negatl
pressures, either from ingide or oatside. The l‘ms valve allows the prassure b
rednuced from 100 The. to atmosphieric pressure in wbe{}t onerainute.  The compressor
amd chamber are fStbed with various spring pressarc ganges, f-rsg'-‘-ihezr with a
barometer {or negative snd 2 mercurial manometer for low posilive pressares,
Within, the chamber ia fitled with benches for apparati or vest, s felephone, an
olectric heater, and several elootrical points for Hghting, driving & motor, and the
bke. Experiments have slready been wuade on liamon beings sl pressures varving
Irom BY Tbs. below to 80 Ibs above stmospheric pressure, and the apparaivs has
Been found 10 be exiremely satlsfaciory.

The animal cxperiments werp shronghont conducted on goats, These animals
were selocted @ being the largest which eould conventently be deals with,
i?edl'}hé i mind that a con Jembio number wzmld he roguired. The gue
under consderation de pen wl inoa very Dondane fe relation betwe
rapadity and volume of the circulation aud res ion wod ihe mass of the tissues.
The depres to which the « ira}uidmu Hiood washes alr In the lungs on the one
hand, and the tissues on the other hand, varies considerably o different anirenls
In general it may be stated that the }““{ﬁdliﬁ" with which the sissves of the body are
bmt.sz};r into relation with the air in the lungs varies inversely with the slze of the
We have no means of measuring directly the general activity of the
3 the series of wamn-hlooded anitals as a whole, there is no
doubs that it is no smi}‘y QdJu%{‘zL o correspond to the rapidity of the guseons
exchange. Now the extent of this gaseous »xr*z ange, which may be conveniently
measured by the {;_n&ﬂtai‘»‘ of carbonie acid given off per unit of hedy wmchi g
given time, is a Tunclion of the ratio 3)"tw<:ﬁn the swince and the mass of any given
apieal, It i fwwe?sm‘ larger in smell awmals. A monse of 25 grammes weight,
for PV:zmt,fe pr whuges about B gramanes of ¢ 1:‘?;01&1(5 ackd per kilogranme of body
weiph ;{3’ bour, 2 rat of 150 graumes about 4 gramumes, & guinea-pig of 4n
granumes ghoul 14 grammes, a rabhit of 9000 UEnURCS af;vuf 1O grammes, & goat
of 19,00 grammes about {2 grammes, and v man of 70000 gymmnies aboug O 45
grammmued. it 13 cleny sherefare that a mouse will take up exeoss of aly and becoms
saturated ab any given prosswe mueh more guickly than 4 men, and at the same

P
b

adiust

d.i’hu. .
t"I’(‘l‘L-‘_Uﬂil bat, taking




time will got rid of this exocss more guickly, so that in sxperiments of maderate and
fomg duration the monse will appear to bo much | piibis 1o saisecn dise
dhan ‘2 maw,  Iu the swme way it may bo assumed zi it the goat takes up and
Algehurges excess of atr more quickly then man, Toug ghiyin ‘{Jm}*{}rtm 1 tothe facd thad
his vospirabory ¢ Acharg» {ns was ssoertainsd by s mmbvr ol expariments wads by us
for this pavpose; is one and a half to two times as greab as thab of man. At the
se time b most be remembered thas these congparizons ave good oaly for the
aversge of 4 series of individnels. . Thers are some goats which are more susceptible
pression symptoms than some men, and some rais which are more
ble thun some rabbits

PRI

SHECE

The Following 13 an experiment wh ich 1lustraies tho difference between different
animals,  We nwy premise that other experiments bave shown that similar
sireumetances of pressuve and decompression wonld be fnevitably latal to goats.
Wifty-nine mice {average weight Z0 grawmes), 12 small rats {35 prawmaoes), 105

medimn rrdz (R0 grammes), § hl e rags | 200 ;gr.m:i‘w-' 10 gnines plgs (230 gramumes)
m,,d 7 yabbi

{2000 grammes! were e(\mpr@»qed tu T2 1o, p{}&dt*\ i 1 minntes,
one hour and then decompressed in 50 seconds. O the 109 animals, the
abhit (weighing 2,800 gramwmes) and one ;;11 nea pig died ; the others showed
rite symptoms, and all snrvived, In anotier serios of sxperiments 23 mice,
4 mediam, and § large rats, 14 guinea pige, 5 rabibits and 10 goals were
to 51 Ibs. presswee for 3 hours and then decomprossed =tlws,it_iy 01 the
died, 3 were sertously il 3 shﬂhﬂv Hiand 2 showed no symptoms . the
& rabbit (weighing 2 900 gramiues) died and the others showed no syavpioms,
ke escape of thesoe wnall animals 1y e Lo fhe yapidity of their chrenlation and
respiration 1 they are thns enabled &0 discharge t- 1o exeess of air very quickly, I
the mschanism by whieh this discharge is off aeted be arrested, lahbles appear in the
hodies of snall snd large anim Thus in one experiment s selectiou of
anisals was taken lubs the chamber anu after Lall an hour's expusure 10 g0 low g

il

¥ o ns 30 Hhe. @ mouse, u young ¥at, an old rat and a guinea pig were killed
and the corpses decompresse 4 by 1ho schedule for men, On exanunabion after
pegcing eenospleTic pressare bubbles were found in the Bloed of all four animals,

sderndions such ns these thevefore Jetermined the cholee of the largest
i animal for experimentation, so that the vesults vouid the more readi lv be
Lorved to man, 1t was indeed cloar that experiments on gure small anicale
mmd only be translated into luwman experience by vho Introdwetion of 3 guantity
factor of alinost gualitative Jipensions. '

(loats also presented two further advantages. They are large encugh to g_{ive.
plenty of symptons on inappropriate dﬁorn}jvcasmn from qguite low presmres {eg,,
45 1ba. positive),  Suall saoimals sueh us mice, on the other hand, requived o be
syposed o Pressures appo nating to 100 Dha positive o give mAany sym DEOIR Wmh
die moest severe denompression, Such pressures are pm‘@&{,inﬂw fwith  long
sxposmyes) dapgeronsly near the 3‘-0111? at which oxygen pnzsfn:ung is Hable o appear.
The oocrrrence of thix fatality would h(}pﬂa%}v xltmt( the sxperimenta] examination
of pure caisson dissuse, Cioats ars algo anbuale in which siight symptoms may he
detected with a fair smount of verfainty.  Whils they are not pamczulara inelligent
and on the whole definitely insensitive o p«;m they ars in emotional relations to
their animate and inauimate surron ndinga of a kind sulicient

iy delicate to snable
those o whom they ate famibar o f-i\&,gl:.f}‘wc) w 1:]1 considerable aceuracy any slight
ahuoraalities which thevy may present,

Mot of the expf>1'srf';i-‘111'»s have been made at a pressure of exther ¥4 ibs
atinospheres absoluse) as representing a deep diving sure (28 6 Lﬁl@m%, i
e as replesenting t}w spper limit of work in caissons (17 fathoms). It was
rable to keep well within the limits of oxygen pressure ab which symploms
rar POISOTHING mi;zL, complicate the experiment. We found, for {-‘sxnvgz'}ia that
manty ¢ ’{{R)Hﬁ{‘i tu 81 dhs. positive pressure i an stmosphore { 5605 per
cent. of oxygen (= 50 Ibs oxygen prewsure = i atmospheres positive air PrORTe
— 57 fathoms) one dies] of pnewmonia whils under pressure, fve of the cvihers were
slightly 31 snd one shawed no symptoms.

We liave been able to distinguish five fuirly de
of illiess in the f‘(;a{;zmzm sal amimals,  The smailest efect which can he chserved
finds expression in what is apparently & sensation of uneasivess in one or mure
Highs,  Withont evincing suy signs of pain, the animal holds its leg—amnost
comunenty a fove lege-oft the aroand, and s elearly vowilling o rest much weighs
npon it o our experience this is };x far the commonest spptom ;i the grant
raajority of Cases it passes off in o few howrs.  We have ventared fo provisionally
identify it with the ~Dbends 7 of caisson workeis The symptom which “follows next
in order of soveriby is a mnm{,mw paralysis, lasiing from a few minuies 1o one or
two howrs, and anaceompanmied by any sigos of general illness [t wearly abways

ARG STELE I

finite and freguent symptoms
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affects the hind Hmbs, as does alse & much mare seriovs form of paralysis, which is

sf..t-Lﬁr artally or comp}cielv permansnt.  Hespiratory t‘]ib“h‘(“‘l and dysproa form
a fourtiz group. These are very serious symptoms, atd are often oniy ?%m prefude
i the fifth group, which nelude fatol resalis.  Desides these, 3 few cases
idafiing: severe lllness have oecurred, which are tos various for E,}ul.h‘xifli‘,dtitﬁi. n
o geweral way we have grouped ihe symploms under thred isegrimgs {1} stighs
symptons or P hends 7 (Z) sertous symptoms tparf;,:w.ia &e)y and (3) death,

The axact ca*matlan of all these symploms i€ not yeb fully einci tj(n‘mf“ Heaspi-
ratory disivess is an indication of obstruction 10 the hears and wilm{ma*j_- orruiaiion
by bubbles in the blood ; when these become chmumed into w fmm_ in 1hb right side
of the 4 the whole cireulation prnctically comes to a standsiill, and death zmm
nsphesia fo-i wa.  Post-mortem examination of the enimnals which Fave suceus
to this feain of symptoms has borne out this interprebation.  Ezamination of e
: o of Pa“aiv%ed animale shows that the condition s Jdue .f)-;‘:—.l-}.
Of the cireulation rpwqu“ua,j\ by bubblesd cansing the wel
" of the nervous Hissues. {he anamnhcsu el o m’zrie:'h—;ng 8 L\,':d‘-;
is 'zo':; al &Al clear. The synovial 8uid in the jolnts 3 fall of fine bubbles, but
bis explonation will havdly account for all the various pains in the linbs which are
cmre\:{ by men,

¢ thme relations to decompressiom of the onset of thess symeptoms bears out

Y
W

'*'-sm"af {‘\‘{‘UIZE'I‘L‘(-‘. Any of shem may ensue almost ir Lately, More commoniy

howover, wo have heen able (o wa ?(,i' anarkabio period of delay, A goad ‘“n.;‘g'
Lo decompressed, 1619‘1&:{1 from th d}m‘iner, run ahout in the s*zmi oxliihit 1t
voracitng appetite, and *10"}1: its s,omt) antons--all ihe  while nothing
abnormal. Yet a guarter of hour later it may be dead, with its blood vessels and

of bubbles and froth® The onset of those sailder symaptoms which we
d “hends™ may ol be defected for balf su hour, or even more. after
sregsion.  The sigiaficance of thig perfod of delay is engugiug our aitent on ;
prefinnnary experiments show that bubbles form more slowly afier decompression 10
bleod saturated at high po essures outside the body thau I water, and it 1s possibie
that this is the E‘-l}]iﬂ,ndﬁf}ﬂ of ab least wost of the delay.

The first series of expvrsment& on goals were made with the slow method of
EETRH ) §J"‘{“3$1Ull already mentioned, I was therefore mnpossible o exurnine accurately
the effert of the duration of exposure in shors experiments.  This, ved our igucrance
of the yesalts to be expected from gouts, renderad the e‘ﬁ;}_‘aerimen‘i.ﬂ sernpwhat harren
a3 fur as definifive results were concer ;:es} and no fuether account of them will he
given m this place. They served however o orientate the ex periments which
WETe sabpeq'x{‘nth made wpm I‘.llm‘”b and alforded « basis on which the p'ﬂm'mcﬂ
experiments of Lientenant Damant and Mr. Catto in the pressure chamber condd be
framed. These e\pchmemﬁ were undertaken in July 1908 ax a preliminary w
actual diving, and an account of them 18 hare given.

In the first three or four the decompression wus vz ntrolled from lasbde ihe
chavtber; in the rest from ouiside. The subjects remained closed in the chamber
for half an hemr after each sxporiment, the engine being also kept running so thut
rocontpression conld be at begun ¥ any sertous symplom developed, In
addition o the actwal period of exposure to each prossure, we have noled the viriual
period of exposure calo d on the assumption that about half the time oceapied
in compression must he gdded e".spe above, page 43%

In view of the resulis with goais, the ocowrrsnce of decompression symptoms
seemed probable in the more severe experiments. No svinp totae warp, howsver,
observed, except considersble H.uung of the skin of the fove-srias where it was
mncovered. In the compressed air the well-dwown alteration in the voie ned
carresponding abnormal sensations about the lips snd smouth, were
at pressures excseding €0 or 70 Ibs. Liputenany Damant expericnced]
exhilaration or ahgm micxieation, but L Carte conld not detect
simlar

1. July 25th.  Actual exposare to 30 Ths. for | hour,  Virtual exposure 69 minutes
Decompression in 24 minuies 1~

Compressed to - - - - 38 1hs in 1T minades,
Waited a3 - - - - M., frB0 .
Decompressed o - - - - 8, in 7 e
Waited at  « - - e N o . !
Pocompressed to0 - - - - 4, m i - -84,
Waited ot - - - -4, v B . :
Decompressed o - - - - 0o, i 2 j

# Compars the oase of the diver reoomsbed above, page 38,



1L Tuly 26th.

39 minutes,
B.
{

P

ompressed to -
wited ag -

Decompressed iu -
Wiaited at -
Decompressed io -
Watted at -

Peovompressed fo -
Waited at -
Desompressed to -
Witted at -
Decompressed to -

1L Swme day, 3.3 pan.

Treemmpressed i

n A1 minuies —

Compressed to -
Waited at -
Decompressed to -
Waited al -

ar

Ll
Decompressed from

a9

Actual exposure to 50 lha, 27 minufes.
Started ab 1037 am

Virtual ezposuve,

Deeomprassion in 34 minutey—

_ - ;‘} Ihs 1n

Fzposars te 55 1hs. for 19

3

2y, dor
17 .,
7 N for
i3, in
15, for
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4 ,, In
4 , for
v, in
mirutes,
59 The, in
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17 ,, for
1:5 Eh ¥
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24 minutes.

Lp0r
27 “
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b
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r
é-\’ T
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Virboal 33 minuies,

28 minnates,
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5 Iy
)
5 £

e
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The time taken for decompressing from 17 to 13 Ibs., &c., was counted a8 time at

15 1bs,

IV, July 27eh, 102D a0, Esposure o 60 lba. for 20 minvtes.  Virtwal exposure

Jecomyppression w 5% munates . —

34 minntes,

Compres

Waited at

sed i -

Decompressed to -
Waited at -
Depompressed 0 -
Waited a8 - -
Deeompressed i -
Waited ot - -
Decompressed {¢ -
Waited at - -
TDecompressed to -
Waited a4 - -
Pecomprassed o -

V. SMame day, 337 po
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36 minutes.

Comypressed to - -
Waited at - -
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Decomprassed 1o - -
Walted ab . -
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Decompressed o« - - - 2 lmoin 1 mnute
Waited at - - - - 25 o For 1 aninutes
Dseompressed to - - - - 0T, m iy,
Waited at - - - - - A7 fer 3%,
Decompressed o - - - - 15, 3 o
Watled at - - - - - 15, for 4 .
Decomypressed 0 -~ - - T .
Waltted at - - - - - 9, Fw o4
“Deeompressed o - . - - 4, i 3,
Walted at - - - - - 4 for 3
Decompressed to - - - - D, m 3 "

VIL July 31st, 11.0 aou. Actnal exposure to 80 ibx
wsnre, 34 minutes. Decorapression in 51 ninntes r--

for 12 wanutes. Virbng

Compressed to - - - ~ 80 = 44 minudes,
Waited at - - - - - By L for i "
Decornpressed to - - - - 31, w3 I
Waited at . . - - = 31, Har &
Tleeompressed o - - - - 22, in i "
Watted at - - - . - 22, For 4 -
Decompressed to - . - - 18 . i N
Walted at - - - - -~ 18 . for % -
Decompressed to - - - - 1A, in B .
Watked at . . - - - i3, for 2 "
Becommpressed o - - - - 15, in 1 .
Waled at - - . - - 13, for 4 -
Beeompressed 1o - - - - 9, m 1 s
Waited at - - - - - 9, dor U .
Decompressed to - - - - 4, in 2 "
Waited at - - - - -« 4 for 8 .
Decompressed 10 « - - - U, in 3 s

in November fresh arrangements were made in secure more rapid compression.
A series of compressed aby woils were furnished Ly the Admiralty, which wers
charged up to 70 atisospheres with o high prosare two-stage compressor: ut the
same thwe o large steel bottde was fillad at 180 atmospheres. The cuntents of
thesa reservoirs were then discharged into the tank through appropriste connsetions,
and in this way the pressure conld be raised 1o 60 1bs in Forr mir utes pad &
75 lhe, in six mmutes._ or g littde less, instead of 39 minutes with the old 1um;>A
W'i%h the aid of this arrangement 2 further serics of exporiments on goats wis

undertaken.  In a2l about 700 oxperimenis were made on 49 goats, besides the
pxpanmcnts on men, and on nunerons small animals.

The following account conizing o swmmary notice of some of these which
illnstrate various Importust poimte.  In each series the effects on the gosis are
classed wnder fou headings, viz. 3rmo obvious illness; (2) bends; (3} pavalysis
aund viher severe m"mpua;}m and {4} death,

1~ Boperiments shorwing that a cerbain Minimum Prosmere is vequived o yive
Sympiome in Goats, and that the Results vary with the pressure.

i
Iressure Fxpnsure i Lk - : e
in 3 s, s : Degompression in Minica gf;h(; !S"u‘ m;:'mn-, [ Henis S::;:ffjna Freaih,
positive, Minutes. | ] v i
o : .- .
20 Y| 42 - - . 22 21 i ] i1 i
25 240 [ - - - - 25 21 2 i &
30 ¢ | Hounifom - . - |2 Y b R 4 i 8
LE) ] B0 i s - - - it : b : # 3 4
50 ! EX) i35 nniform - - “ § § i H 3 i i
75 i% T8 wmiform - - . HIr S T B T - b3 i
73 iy o anifarm - - - g ! 0 i ¢ i 4

These experiments show that the eoffects hecome more severs as the pressure
increases, although the duration of exposure is ab the same tme diminished and the
duration of demmrxe&«mn mereased. It wes nevessary to armoge the experiments
in lh}ﬁ way to prevent an meamvenient rmoviality among the aniraals,
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}rvc;f? fm{w?'*fmf'e
Pzeswrs" ;3 {be. positive, zmdx:d i1 six rmnutem

H : |
Expoenre i i VRV N ! o
Dt b 1 Thesomoracion i Minadee | 20 ok o . i Severe ot
}{‘ z:lu? %:,: o Ducomprassion in Minutos L Goars, ! Syiaptems, Bendas, | Syraptome, Treath,
o i I ] 1
B !
H i . - . - 4 1 fi t i
k] i - - - 3 4 1 i 1]
i o - - - 3 & ¢ it G
HU i . - - - i [ : it 1 4
15 i uniform . - 7 4 3 H i
) PR atages - - . 3 ol ) i} i
A - - - - i) 2 B % £
Ki3 " . N . 2% 1 3, 3 G
i " - . - @ i 7 1 3
24 " . - - 3 2 1 1 1

o r\pemmems show that g'@atc have taken il]} cuongh sir v 15 miwutes
t0 give severe synptoms or desth ou wniform «Iv-*:}mpm%sma in 17 minuies, whils,
i.{ the exposure Is less than 10 minutes, nearly all the aninals sscups, even with

addon decompression.  Nofe, o, that with short esposures and mapid decom-
;,; asion. wncl symptoms as appear are more fregquently severs, and thar bends are
proporticnately less eommon than with longer exposures and slower decompressions.
Beyond 15 minutes exposure the results are somewhat *r‘“&-,t:ul ¥, Bt on the whols
there 38 a progressive rnovense of bad L yymploms up to fwo hovrs ¢ exposure.  The
yesults after four hours exposure dre abont the same, so that it wonld appear that
goats are practically saturated in rather meve thar two hours,

Pressurs 46 Ihs. positive,

i 1
Fzposurs Deeompression in Ho, of i Na : Fends Revers Treath
S wiluntes, Wizares, Guats. | Bywptoms. | alone, Sytaptoms, ERLL,
1
- R e —
i 1 - . - . 15 | 14 i 1 | 0 fr
el 1 - - - 15 ! i3 ki | g it
lit] i - . - - it | hH 4 | i i
120 1 - “ - i . 4 2 : 4 4
40 19 gniform - - - il i 7 E i 1 a
120 " - - e 1 i 8 4 : 1 ¢
B . - - - it : g i b 4]
LR s - - i : & i 3 g i
I :

These fgures show ihar with o duradi -\f EXPOSULR up t5 about % Zmur, 10
servare wmptvms follow even sandden decomnpression.  The series wi th s:w der de‘cm
pression show that the yesults after two hours are much worse !
This is not elear from the series with 10 mivutes decompr
shows that the resalts do not heecome Jis ‘hm' vy worse sven aﬂ.e;
CXpOSTAre,

IH.-—E.rgu-rrfm;mfs o showethat the durgtion o f)r;{}(;f’?fﬂ'ﬁ’ﬁ“}’(,?; w af groat
Buportanee,
Irewuw 75 lh, yr_ax«z lV{‘]s muci;f’d insix hlluil*(“)o

i i
H ST H
Exposmre, Desomprossion. %‘5’:}3 \}ij{{;‘:‘ f:;s 1 fhagth.
S [

i : i . :
1% {10 uniform - ¥ 2 ! 3 H 1
14 2, . wi : 18 1 2 1
18 @ - 2 ! i k E : &
a0 3 stages - . - 25 ! iz 8 3 i G
b1 58 . - - i4 : £ i 4 i il
o 2 . w - B & ! i 7 1 I
£20 %, - - iy : i A i 1]

1V . —Baperiments 1o show that the obsslnie vange of presure through rwhich
Decompression ocenrs 4 of loss dnportance than the relative vange of aheclute

ProssHye.
;' | & i b E =
T“w::»,urs, D Bxpoware | Deccrn. ¢ Fall of Lot Dvraiion [},.. {7_1 Feo i
| in preasion | Promsy § o dhecuros f‘ i Forope RBeuds| Sypups |
+ P Mumutes. [ inibs | imibs | RPUEWpencan PR e | ton.
i i !' o i i i ;
L. % - - ; T
T FEI ; 14 L R L g 9 it
1 oo oy Iz ¥, 5 i 2
49 N e E3 R B A
Ly P L 4 H 4 . 3 1
45 9 | T A R ¢




72

A sndden drop of about 50 Ibe. from 75 Tha - to 27 or 24 Ihs. 4 has heen
wade about 200 tLimes aliogether 1n the "ae of thees exnemmonbu without pro-
ducing auy symptomas, and about two-thirds of the animals showed ne Bympioms ai
the ez of the stage decompression. In the present seriss fle anhmals were if\it {or
one hour st 24 lbs. and watched very careium, and afisrwards suddenly decom-
pressod o 17 lbs. and again ohserved for one hour. The same gOAts wore

subsequently dropped sudddenly from 51 lbs. + 1o atmospheric pressure with vory
disastrons vesnlts, and a drop of 51 lbs. from 45 Ihs. + to — & lbs. was even
WO,

V. —Haperanents showing the tmportance of the mode and sprcing of Decomprassion,

Yach of the following six series of sxperiments was made wpon the sams goats,
which sreve exposed fo 73 lb.«.,‘ positive pressuze fuv varying T neriods, and thea decom-
31 on the one hand by stages according to the principles which have heen

4 in the Repeort: and on tas nther hand at u uniform rate, the whole e
c‘”iuui o that ocumied in the stage decompression. The only exesptions tc
 fonnd (1) In Sei'ieq E in which the uniform dece wnpression was extended
frem 233 ’m 100 minates in order o fest the staternent thai nnifoem decompression ab
'h< 3 S0 minntes an atmosphere is safe; (2] in Series A 15 gouts were each
: wice excepd thab fwe animals did not oxp(*r!{*;l«,o the second fest with slage
lecompression ; one had died with waiform decompression and one wags i3 from an
njury,

70 ibs, Posliive Presmuue,
!

*3 o , i
- N I ;
DA a.?“g i i Stage Decompression, ! i Cnifurm Decermpression,
AT § | i !
Serfes. | SEE 2 B, W of Goats. = P : R
P ERAT: Ze | i : i ;
- LR= f:"'g ; i No Severe L No Bevere |
| 5.4 : - iBymptoms; Bends, | Symp- 2 dymptomsi Bends. | Symp. | S
| s D = D mmpe. Croma | B =pa. | i obome
| = = i ' = : ! =
oo : . — ;
; . . S stages, i e pm - I w
A 5 31 { 36 unitom, 1 205 B85 o ! 13 2 1
B 30 K} & Cod=m 87 2 e 0 % 1 [+
c ! 30 68 ! 14 =100 6 @ & 7 o o
B | i% wo 18 ! = & % # G i @ it
i 120 82 B B 7 2 LI 3 5 1
i 180 133 I Hl P Be= 8D 2 i & ] [ 3]
i i ; e
1 |+ 95 stages, (}.o . g . . L
: latal - = 4| &R unitorm, 17 THao B2 ig i 1 9 it 2
i H . .

£, !\dSSIL,L‘ off complelelr iz an h_su“
alvais in thrse cases; dyspnms ffrom alv i hesst) in

+ 'l"émpcrm'y paralyaiz in four casse; par
b cases ¢ and severe obseure ilness in fwa eagel,
in cach one of these six series, therefore, stage decompression shows bottor
results than unilform decompression in an equal time, On fhe whole nearly twice
as many {82 per cenb. as sgainst 47 per cent) gouts escaped illness wi
decompression as with uniform decs "‘"}Ji&‘i.‘iifjh, “and only one animal a@'how‘;d
symptoms more serious ihan hends with the former method 88 compared with
11 cases of serious illness and 2 deaths with nniform decomprassion.

The ex PBI‘l]}lt‘Iitb also show tat the advantage of stage decompression becomes
fess spurked as the duration of the exposure is increased. ~ Tiis is in full agreeraent
with the thecretical considerations. Wit short sxposurss stage ﬁpcomm‘fﬁhgz- it hus
the advantage of shortening the exposare to hgh pressures as well as of incressing
the nitrogen oxtracting stress: with long expessres any addibional dwration of
exposure beeomes relatively losg foportant ; and slage ::1eca'}1nprﬁssizm is consequently
less markedly superior to uniform decomprossion, '

VI, Eeperiments showeng the bad offects of Slow Compression,
Presenve 75 1bs, p')mi ire.

i I
Time of | - . i - i
ioq | Bxposure | Decompression . : Mn . 5 )
N 10 ; e T X . It e i
{.Of\l:}l'lil;:;?:;:;(.nl. M inntes. i Mimiies, Groaig, Sympioms. Pendn {5y Tiendii
i | z : : i
e B : : :
3 . .l 13 C S g 1% : 5 ! 5 " G
: H |
[ 5 LR nemges TR 28 ! 8 0 &

* It muet be nofed that thees expirimenis sre nob designed fo show r‘ma these partionlur ehage
decomprésaionsg arve fafe: with tha svespbon of serise € svid P, aft the stag ofapreErions wors
intentionally framed to give roms symptome. Ae a rule a den supresiion wes used which had been
caloniated a5 baink approprlale to ay sypaanre somewhat zhorter than that sctually pives,
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These experiments show that, with short exposures, the results are three timos as
bad when 39 minutes is occupied in rsising the pressure to 75 1bs. ag when thiz
point is reached in & minutes, d?rhor:g‘h the animals were n the lather ecase
seruently decompressed thirds of the time ovenpied in the former series,
One of me most striich ures in 2l the animal experiments has heen the
groat variability of the resn s variehbility is not Jifferent from thet which has

Rt

alwavs been noted among catsscu-workers, i’:nﬂ tablos show that nnder all the
cirevmstances examined a proportion of the animals showed no sympioms. o is

not easy to accurately define whaother the suscepiibility of the different animads
fo symiptoms was lemporary or permanept Wo wore, however, able o satisfy our-
seives that cortain goats were habitunally z‘damvﬂly itnmune, M is a matter of the
feat interest to defermine the hasis of this varying snsceptibility,  In our animals
ertainly not altogesher o question of vge or size, for the lerges:, vldess snd
gout {"Pa’ WAS very vesistant, while one of the smallest and thinnest
imals " Little Billy ") was scon prostrated with paralysis by the sume sxperiments.
11 ses med on the oiﬂar hand, shat v many goals were distinctly more museepfible
o sovere symptoms -\dcath than ully goste.  The females have mors ax abdominal
; end much more abdeminal and sube FHUROONE ,af !}mil t" males {see ahove,
The susceptibility to " hends” see ahung equal in the two sexes. We

wwpertasntal evidenve {not huwm\;r o an sﬁi{)g&. cunciugive
routs with t}_L groatest i{‘wyi}"atuﬁa exchange wore less susceptilile.
rent sw¥hy ns. W ith
moderate or long exposives both the plr:r:or’rlnn of animals showing iliness and t-h,
soverity of these ilinosses are in -relation fo the rapidity and spacing - of the decom-
pression.  Bui it appesrs likely that this only applies o animals which are h:,w
sutnrated or have taken np a muferial sxcess of gas  Fop if eudden Jecompre
susues immediately on, or very shortly after, reaching 75 Tha, prevsure, the animais
show severe syuptoms or none af all

Tt s albo of interest to note the incidencs of the Jdiffe

Pressare 75 ibs. positive, .

nnipression in Hi

ok

0 6 minmtes.

' |
_&({1:1::;11 ﬁ:(.ﬂ%ium i Df’;‘?;};;ﬁ"f:;{'n v Goats, N ¥y topls. ; Bends. | Death,
1 - H | 33 . fi l 5 I} i i
i # : ] ' | i it

3. - 1 i 5 : b ! i i ; {

G - : ; : & ; i , i : 0
0o - ! 3 ; # o it ! 0
i . . i & @ 2 i ; 1

| i

The mnportant conclusion is that “hends ™ do not follow such brief cxposurss o
high pressures as may casse mors severe symptoms, . 1t follows that “Lends” must
be the expression of phx nomens which are not ﬂ,;ncessani y bdentical with those which
in a more exaggerated fovm o pa‘mf}c;s and death, and that the oveurrence of
“hends” is an mulication that a fair degree of saturation bas been roached, The
experiments are in sgrecment with the welles stablished facy thad divers twith short
exposures 0 high pressures) experience wevers sympiomg or none ab all while
CRISEON-T orkers {with long exposures to lower pressurss) suffer very frequently from
“honds " and i’eianw}}* mﬁdcm from paralysis or deabi. ii seeras justifiahle to
conclude that " bends " ave the expression of the remoteness of the paris saturated
rather than of the fact ﬁzzn saturation has oceurred, and that when enee those remoie
parts of the body lave faken up » material excess of alr, extremely siow decom-
presgion waonld %}c 1'_.<*:;sr?"i Lo escape thad symhiom altoge LICH ol
consequence of i td be that hends wre an Indication of ¢ rger i the
PXpOSUTe has not 5»: en Jong and the rate of decomypression hay bu =i rapid, bat thet
mwr signiticance is wwch less serions i the exposure has heen long and the rate
of decomprassion slow.
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Appendix 11,

A DMARY OF THE DEEP DIVING EXPERIMENTS CARRIED GIFD OFF
WTHESAY, ISLE OF BUTE, FROM H.ME “SPANKER AUGUST 1908

20t August.

Y Spanker” avrived at Reihesay shout 7 pon., and waw met by ¥
Haldaos and Rees and Mr. Catte, Ghneer BN, Arrengemenis wers made
COUTMeRCT e¥poriments fe following day,

Taesday, 2126 Angust.

All the puraps to be used in the experiments were tested up to & presgare
300 feet, and the leakage at this pressure messared, iw\ pressure gunges, which
bad been speclally graduated for these expsriments, were testod and 4 'tr) give
eorrect readings. The method of testing emploved was o fltmf'ﬂ thee free end of 1
diving hose to & lead ling, and lower it over the side into the ses o the 1 .4;&1‘9&
depth. The pumps were then hove vound wntl theve was a free cupply of air, and
then stupped whilst the reating of the guuge was taken, :

The reompresgion chawmber was tosted on the Whitehead torpeds dharging
eolwrnn, and It was found that the pressure could be bronghs up to 40 Ths, on
the gaugs in 3 minates. Theve wus 4 leak of 1 1h per minute, o 1‘@11,gh1y
3 cuble feet, Afterwards D, H&imnc and Recs were compressed up fo about
30 ths, in order to further test the working of the chamber.

In the afternoon both divers made a trial dive in 15 fathoms i

Lipnienant Damiank, My, Tabto.

¢ Time of descent - . -1 14 wnaomtes,
w00 bottom ~ B - -
«  of useont . - L 35 %,
" No. 3-minute stops - . < Tl 36 fent.
“ - " . . S SN A

e double pumps were used for each diver iu these and the subsenuent dives,
Tha divers were perfoctly comfortable in woving about on the bottom, 1y may
be mentioned that Ldeuferant Damans had not dived previously '."s{—:y'{:zif_i about
13 fathoms, and had no experience in diving oxeept what he bad gained in hiz
course of instruction as s gunmery officer and in o rinenting ab P rtsm(futh for
the Uormmittce.  Mr. Catbo had much previous experiemcs in diving work, but had

never dived bevond 23 fathous,

Weadnesdar, 27nd Augnst,
HME, “Bpanker,” off Hothesay.
In the forenoon Mr. (atte descended in 28 fathoms, and in the afterncon
Lisotenant Damant did the same v

| : ;

e : Mr. Oatin, Léentenanl Damant.

+ Time of descent, - f - Zainntey - M -y 25 wainutes,

v o the bottom - - . - - n -

i, of nscent - . - AR Ly,

. Mo, Sauinute stopa - o« . 4 an B, &y 30 2 fet - Yat 30, 15 feat,
[ {1 " - S 01 i feet - E- LN £ S

i

Thursday, .f31d Angust, _
HM3. “Bpanker,” off Rothesay.
After festing the pumps each diver made a descent to 25 fathoms 7

i : ! i
% —_— : Licutenasnt Damant. : Wr, Catbo. |

H 1
i v ; !
I Time of duseent - - o . . o1 % mingles,
I, tm the bobiom - - - - P i
' of ascent . . I . . |
" No.Seminute stops « - -0 Bab G 45, 89 fet -

B .
., 10 feat.

o, s - EEP AP VRN S




Friday, 24th August.

HALE * Spankel 7 was taken through the narrows of the Kyles of Bute aud
anchored off the entrance of Toch Riddon,

In the mmmng, fter the usual tests had been applied to the pumpe, Mr. Catto
degcended in 27 fathoms, and in the afternocn Lieutenans Damant went down in a
gimilar depth :—

et i feet. {chr wwas amployed |ust under h o bb].p = |2, 2 f{et_
bottom fn sxamining a propeller which had been
slightly injured, for 19} minutes before coming np.}

—_ I Mz Catto. Lientenant Damant,
e : J—
Time of deseent - - | 2 minutes - - - - - | 1 minote 20 seconds,
; onthe bottow - 168 . - - - - - v i 162 mimxtes,
o nEasechi - - | 533 - - - Lt 44
H 1ty stops - 4 ab 6L, B, 40, 35 et - 1 ab 80, 59, 40,30 font,
1
" I

Saturday, Zot.h Augu%,
ii M8, ¢ Spanker,” off Loch Riddon,

The *Spanker " shifted her position slightly, and, after the usua} tests of the
pumps, both divers descended in 29 fathoms of water :~

§ ; [
I _ ‘ Mr, Catto. . Lieutcusant Damant, |

Time of descent - | 3 minutes - - . 1} minutes. L
on the bottom - - 1 I . - ! 134 minutes. i

| of ascent - -] 40 . 4:81 winubes, !
i No. Seminute stops - - | 4 ab ’FD H0y 4y, dl) ‘eet g t 88, a‘i, 40, 34 feet, !
1 No. 100 N - | 2 at 20, 10 feet - | 23620, 10 feet, :
|

] !

Monday, 27th August,
HMS, “ Spavker,” of Lock Riddon,
Thirty fathoms of water were ob:a.med Mr. Catto was the diver in the morning.
The pumps used were Nos, 3,804 and 3,803, Six nen were told off for cack pump,
in reliefs of § minutes. Details of the descent :—

Time, Remarks,

11.22 Flags sorewed up,  Depth by lead line 304 fathoms,

TL,23% Diver under water.

11.23% »  Hown 50 fees,

it 23% » w O

11244 " o 110,

11.243 " . 180,

14,243 " 180, oui thie bewtown, 1 min. 30 seus. in descending.  Revolutions averaged 32 per

min,, bab fell to 3t for » short time, owing to the yreat exerilous that were novessary wo
.\eep the pumps going at the higher speed. Diver gquite comfortabie while moving about on

the botiom.

11,3582 Diver ealled ng,

11 .383 o BEReted an.

11,393 A 15U fest,

11.392 noon ZkG “

11,404 oo 120,

1.4 . 190 o

11,414 »oow 0, et stop, Diver smploysd in gymnastic exercises, One pumy stopped.
LT w o B0, Ind siop,

11,51 w oo AP Bed stop,

11.564 s ow B ith stop.

2.8 w oo Ho,, At stop.

12,114 " W, duhsiop. There wers no fibeffects.  Water jackets gained 20 dogyoos F
13,834 [ \miw LIIER -

B i thiaas off,

Afternoon,—Lienfenant Damant,

Tiie,

Remarks.
2odi | Sorewed np gl
2 153 | Diver ander waber,
216 » down 79 féel.
2,164 " ;o BEOQ
2.36% " y i8%
317 “ » 388, om oihe hotfowm, 1 mimt; 2 sevonds in descnoding.  Hevolnkicns averaged
1 80 per Yainvie,
2,29 | Diver callud up.
) : I Haved ap.
2. 51 I at 190 faol
2,33 f o LE0 o Diver stoppad i} mingies.
ER 58 : . Wy, dsbogtop.
¥ 4R0B4,



L%
[

Time, Rermarks

; Biver at 50 feet 2nd siop.
L Y Hnd
P CRLE
v B0 BB,
W W GER
. called up.
Giawe off.  There wore no Heeffecls.  Later in the afternoon the pumps were Lested ab difforent

lemperatnres of {he water jackef, o see how the ieakape was affeotod.

Tuesdyy, S8k August,

Tn she sgme loeality, Lientenant Damant mado o second descent n 50 {athoius
order 10 obiain samples of the air 5o the heluiet.  The ponps used were Nus, 5,585
and 3508 —

T, ) Hemarks.
S .
T isE | Diver under water.
Fee 304 o, on the bottom, | minute 30 sgconds in aolng down,
T, 840 b, started wp.

V.21l Glass off. Whilsh on the bottow, diver bovk two asmsoples wiilsh an wpal. Thevre was a digtinet

tide on the but,rom, whivh affected the diver,

Anclysis of Somples.

- - sy £l E B {00, Production in Crbic Peoi
JNLJ. of Bamnple. ' .0, per ant-,; G pur Ot per Minute.

: i
Tst - - 02 | 28y | =085
ond - - B 20e4n 941 (7 tidn.)

in the dfbemoun My, Ca.i:to Wk is.} the dress,  Fomps New 30588 and 5,582 were
used -—

T, Ramarks
2.7 BHaes serewed tn,
2, L Diver down 60 feet.
©.19 . DT
3 BT " o 180 on the Bottoan,  The diver sock dewn with lim g wirs hawser to shaehie on
to 2 sizker,
T Diver called np, but could m-t cotme wp a3 he was fowd, anlii -
2.48) P, starfed wp
2.50% ;. Ak 14 feat.
2.53 a w100 L Bsboatop,
256 a o S0 dpd o,
L s ow B0 3
W . B0 ath
w oW 30 b
PR .
1 " la *r
A, £}

on the surface.

Ay Catto attempied o shuckle o bawser on to the sinker. He mx.nd the 4!}13&61
without the sfightest (ifficulty, and then, having ¥ied bis distence line % i1, went
hack to the hawser. He found this in kngh%b, sl he seems io have gof within the
coils, and iz trying to find the end of the wire to have fouled i life Hne. When
called np he conld not get away, wsd 14 was 20 ninotes before he sould clear
fngelf,  In all he was down 284 minutes in 30 fathoms of water.  The vale of the
pumps conld not be kept up whove 24 revolations per miuute, and the supply of aly
was nob adeguale 30 ks exeriions to free himasll, so thet e was almost overcome by
the excers of 00 On geconpt of his i sy exposure during keavy work, great care
was faken in decompressing him, 11 hetes hpmg sliowed. There wire uo ik
affects,

Thursday, 30th Angust,
HM.S, :‘apaﬁk@r off Loch Hiddom,

M. Catto made another descent under the saine conditions, and shackled on the
hawser to the sinker in 4 minutes after reaching the hotton. The revointions of
ihe pump averaged 24 b 36 pur wminute.  The Jay was very bright, with the san
shiving on Hie waler, 56 that the diver saw with eomparative case in the water.
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In the afternoon Licuienani Damant, ab the sume depth, took three samplos of the
iy i;l ihe helmet, and the puiaps were fosied ab 180 foot presanre. He soflored
fromn no dibeffects:

— ' Mz, Gatto, Lientevant Damanl. [
e . — J
Time of desrent - - ! B minatea - . w i F pim, 20 paos,
.+ On the babtom -5, - . -1 k8 misnutes. ‘
w ofascent - -] e - ib:‘g i
No. b-rminuie s40pe | dab t‘) &%, 4"} 30 teet. -l gt ?z 25, 18, 3¢ feet, [
W 3 - <1 Tab 20, 358 fat . -3 2ut "ﬁ T feet, |
P ;
Analysis of Sampies ohtained by Liewtenawt Domant.
!
Fer Cent. ‘ Firs: Hample. Secpnd Hample, | Third Rample.
1

T I3 . 1

£y . . . . ‘43 i - | cis

T . . . 3055 2 52 2047

1 fwioncy of nwsron - . i 48 ‘52 I 5T

& 0« ].urcmwed is cabic fret per minute - - | i) {39 i Gy
! i

.'r.'"i‘i:’!{:;_g-', at Augnst.

H M., Spanker 7 moved down to the entrance of Loch Steiven, whers 55 {athoms
of senter oould e obtainerl.
1 ile morning Lzeut?n*uv Dlamant was the diver.  Pumpe Nea, 2502, 5 604
and 2,502 were tested and used. Six hands were soll off for each pump in reliels of
5 minus —

Time. Il Hemaiks,

it.d tase sorewad v,

1t L Fhver vmnlar wiier

(RIS v Sowm 0 e,

£, " I [

1i.84 " . 156

]]'Eli " " 158G £

11,1 " . 206

1. My i, on the bothom, Revelafion® kept ab BO per mitwte, avd the divee had

a i "*1p§.£v «f air,
Biver ook smiaples seated on the shok ab the botiom of vhe rope,
o oelsd an
w  started ap,
. AL 190 fat,

.15 w o LEE o Diver sispued bo blvw off sepling fabe,
11,2400 w oo Wb Beboezup.

11,2345 woow 3B Tty

11,284 woow PR By

11 48y . n 4E oL #thoL

11.38% s w32 . Bla o,

11.443 S T T

11,544 oo PO Tk,

12.44 wo entied gp,

There was no light on the botiom, which wag of soft mad. The depth by the
F;hot line was 210 foet. Iressurs was 93§ lbs. The gange showed a pressure
of 218 feet of {vesh waier with the pumps stopped, and 280 feet whilst they were

Lewnw The actual depih, as carefully measn red on the sholted tope agsinst the
ship's siandard measure. WHE ] ror 35 fathomne, 210 feat,
In the afterncen 3r. Ua ,w made the sams descent, and reached 35 fathoms.

He found that the air uypw was more than dmpaa He walked out to the
end of his distance Hoe, and then ook a sample of the alr in his belner o

Time. : Hemarks,
212 Rame pumps as b,
prmy
IRV Tl W
3% g on Hie hb“i}lu, Hevelutions reduced to 34, o= the diver found $he supply too mnoh,  He

rrsnedds @ o he

of by digtance line before taking his sample.
Diver started we.

2
o
=

L

2474 o A 3 feed.  lat stop.
9.3 gom 10, 1,
2.0 n 7 L. 0
3 40 wow HE .
2.4 w5 "
2,508 . oW B w
& oo W n
5.1 w  Calivd .

@ A8
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Analysiz of Samples,

|

! '; Ligut, Damant. | Mr. Catty. 3
| 1 0 i
| Co, per cent. . . . . 14 51 1
s PO . - - - 2089 20334 §
I Deffeicney of O, per cent, - - - 15 | T i

’i’ien.« ', Srid Heptember,

Exparbmenis on vest and messured work wers caivled ount, by means of the
apprratas Ggmred in the text, This consisted of a lengih of lue wihich was carsiad
nnder a fixed block attached to a 200-1b. sinker, and gver fxzed blocks atrached 1w
5 sp-:'u‘ p-“}"("‘mg over the ship’s side. At the sinker end a light spar Jonwed

& hurdle, whilst at the other end a 56-lb. winker was aached. The diver could
stand on the shot and puit on the handle with both hands, so ralsing the weighi i —
'..
Time, Riemarke,
.26 Diver, Mr. Catto, deszended.
2873 “ o bottons, 142 laer,
.31 w  tuok &;mp"? sithiny on ihe shob, e L

Two pumpe At 30 revol !;,a,\m pet minuie.
Ravs -l the weight £ fimes 5 fees, at the rate of 500 Ml per adnuie.

'R - book wimpia . {30, %
Raise ¢ weinht 7 cimes & fook o B} minutse

Z2.48 w ook saample, e By

.48 o rtamied ap.

58 w oo suriace. nio il ofects.

., Lientenanoy Damant. started down.
o down 106 fest,
. On bottom, 339 Teot,
took ~nmpie sitt ng on the shob. (Mo, b
Two pumps at 28 revolutions
Raised seight § tines :n 1§ minoked,

4.3 i, tool sample {Ne, 5.3
: FBaisel weight § foet 13 [ines in 6 minuten

.10 . ook sanple.  Pamp 24 rewsietions (Mo, 8

§.13) o #arted op.

N by, at the saeface. No flenfects,

Analysis of Samples,

g?s L 30';} S = r‘?erz } My, Catte.  Samgple No. L
(_JSz o 20;8 '!} } . . Nao. 2.
0. Tope b »o Nod
S?Q o 2‘3?‘: ; Lieutenant Damant. Samyple No. 4.
Rt » Moo
oL Tww b e b

Taezday, 4th ber;remhw

The “Spanker” was anchoved in 8 fathoms of waler, and experiments were
made on the hottom bv Ty, Haldane, Lieuntenant T?a'i,a':t, anidd Mre Catwo on ot
rigks of 3)10w1=1g up.  After being comprassed in thr, alr chalnher m e ach them to
open their FEustachian tubes, Lieuterant and Com z-;sder L.V, F B Dmgmore.
Licuterant &. N. Henson, Jack Haldane {age 13 all wade iew in 6 fathoms
Kil{f"i‘\ whitch

2
Heai teaching

of water. This was the Hret time that thess had ever dived in a div
iHustrates the usefulness of the ra-cowpression chamher In the prac
of divers. :

Wednesday, Sth September. .

Txhaustive tests were made as 1o the leakage of the pronps and composi-
tion of the air, with the waler Jackets al vavions xlm,m”am?kﬁ The results are
embodied in the Repurt. These experiments conrluded the work taken
for the Commitiee. :




Appendix IIL

A BUGGESTED METHOD FOR THE BETFER TESTING OF DIVING
PUMEPS.

The following methed of testing ihe leakage in the diving pumps has been tesied
in H.ALS, ¥ Dreadnovght,” and is suggested for use in His Majesty’s shipe,

The diving pump should te connected by meuna of a length of flexible metal
hose to a group of arv botties, or torpedo charging columns, of known capacity, Tt
wiii be necessary to provide an sdapter piece for this purpose. 'The pumps should
ke lested one cylinder ai a fime, and the pumber of revolutions required to bring
ihe pressure in the bottles, as judicated on the diving pumy pressure gauge, up to
15 1bs., 30 lbs,, 45 fbs., 80 1bs. and eo on, neted.  From this the percentage luakage
can be easily obtained, as the Service pumyp js caleulated to deliver 1 cubic foot
per revelution,

Un hoard M3, Dreadneught ” a growp of air bostles having a cubic capacily
of 30 feet was nscd, with the following results 1 —

i Ko, of Revolu.
Crlinder ! Wo. of Revolutions ta give 10 Cobic Fret of Air, tions to give on | Freasure in Lbe,
; ’ i as measared by she Dry Gas HMerer. | tho Hivag per Square inch,
i | Pressure Gavge,
O S L
|
Left - - - 195 at 7 Ybs. pressure - - - - } 105 18
" - S LT T . ; . - 116 40
.o S LT . - - - 114 5
Right - - . 10T , 7, - . . - o 1148 i6
o - CIDEE T LU o= : - - - - 5 30
- WL 8T, - . i 120 45

It 18 to be observed that there was no corvection for temperature or the capacity
of the flexible lead, and that in the case of the gas moter the lenkage iz measured
at the mean pressnre, The results show o very satisfactory agreement bolween the
gas meter method and ihe method of testing with the air-hottles and gauge.
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Fic., 8. —Portable gas ana'vaiz apparacus us=cd in the experimentz. The photograph also shows the
method of  eonnecting the sampling tnbe with the gas-buretie.  On ship board, 3f the vessel is nat
=tesuly, the two serew olips scen on the rubler tube counceting the lower el of the gas burerte with he
wergiey reservoir are moved elose up to the gas burette and used in the manuver described in the toxt.
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l1ia, 10.

Micro- photograph of Section o Spinal Cord of goat
kitled by Sndden decompression. A number of air
bobbles can be seen in the white maiter, vne being just
at the junction of White and Grey Matier. ’

Fia. 11,

Twtion of Goat's mesentery showing bubbles in blood vessels
caused by rapid decompression from 100Ihs pressure,
after 1§ hours exposure at this pressure, in 1} minutes
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G 15, ARRANCEMENT FOR DOING MEASURED WORK UNDER WATER,
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